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m tm mffwm IMT AN &mfn SATEUJTE 
ccf»firic«Tc 
TNt* i * to ec t i i f y tf»at %hH I *^* r«i|«l« • t«etttr«r 
i n ft«th«Mitle«« Smim Coil«9«» ^mim HI I I I * tftl«ttl«t ^mt 0« lh | 
of tNl« ih iwi * i « fch« tmsot4 sf yotit tfon« fe^y Shri 2«A« riM|«t 
tiiaw«lf M i w l l M In e»l i i^or»t ion idit i nt» K*i* 6ti«tnft9«t 
•ml that thm mtmtm%» nf t h l * l^mii* liid not fof«i • l»««l» of 
M»«f«l of any ptovleiio tfo^t** %«> tHo e«iidl<$«to or to tmf ii«Nly 
oloo In thio Of aivy etltor Unlvoroltyt In Irwlla ov alitood* 
/ ' ' 
fSopottiNMit nf m«tft«(i(itle»» 
Alt;|»fh fliMillii iMltfitroltyt 
eoaXttk^^ittii^ yi,mhvm E»B» B&r.iQ^fir* 
im %i.fJ.^ '^ikX^tkiAQ iM^c Jbioaa Jlvci^ i^os U^d ^ yL»» mn^ 
l a iTii^ iisi U^& tim0k9m 
4^ -
U-tAsm. mat fks,m 
4&»taiieec mid tiie4r imv^Umm 4w to tiw otel»««iMNM ^ tlM 
BoiiorAMi •l««Mit« 4iM to oMotonoM ttl«no* f i t ouMJ t^ 
iiOf% itto fetoti p^aoiitittf 4« f4iN» «tei9t*f<o« 
tiMi f^fot ^itepmi* lo iMR lytttf^ edHWioiyf oito* To M I ^ 
iHo tHiioAo oolf Oeoliotfie^i sow ^H^niUoMit noialJlQWi 
•MMt i|ri*oIo mrnni imm ^eoii mmu.mm4 in tliAo i^mi^i^r* rm 
inifo oJbHi <le««iift«Ni «iM» Hioio^ or Um 4ovoi«qpn»ii!i of tiio 
ottbjoot* i^ w oveilnMlo A4««i«itM^ on Um proMIOM o o i w i ^ i ^ 
iioffo tmB oUo kcHni roirioiio^ 
IR «iiopt«r l i t «« i>tt«o ««ttiio4 tuo pnttrfcBtAono of 
^rAa»o 0ii4 ^emgm 4i»%mtmm» of i ^ r ^ o «oteiJi4to OffMto 
4ii« %o £oryi*o otetotoiwo and oolor f«Ni4oUoo yro^oiiro* 
f4r«il|rf vm imf Agaorod tlw aliotfoo » r r « i ^ ^w Iwvo iMltoA 
tilo wmt tkM04 agf^^Kimm in tim plaiio of <»0lipt4Q ttod tlur 
offMt of 1110 ooioiHto 40 %§Smm i n tlio oo«» pAaiie uni i^ iiMMhi 
10 oK f^io^ed to Movo in a oiitMlor o iMt* I t io foiiMl tlMt 
tHo p^rii^o 4lotiii«t 4ooi«oooo oiM o^oioo 4i»umm iner^iooo 
dMO to oMotmMi^ oni oofoiF m^&iitlon INPOSOWTO oiitf roto of 
4eor«Nifl« of p^rigeo dAtf roto of inofooso of opOB^ mAtll eaoli 
fovoliit40ii 40 tHe ooMOf IHen^ore tlit aiMMnior OJI4O 
romMLiio f4Ji^ aiMt Iveiieo pir4o<l of rt^irolittAoii 4o 0||MP09c4»»t«||r 
ooiMitoiit* fUrtliif tlM» onpitor peo4t4oii ^ p«r4#o« i^ ntf opeipio 
ami IMA «liM^ A* <ii« %o llie 4iMkit»ii««i «r iHe Eiirlli* 
ttm pmtflNiUoiMi «f »pel<bkl ^4iit«fi««« mnA Um^ im»U,mm 
mm miM9 4kmmmm4 trnt ##M«0i!|»l pgmm imm^U mmmA^§ 
«• QtMiA^f «li« «iMi4<m •?#««% «iii« OR tiMi ttpiiii*! ^Mtmmm 
mA Umkif ij«mtumm» %% $m fmmiA tto% %IMI •ffctti «f aiwdoit 
I* to ^Hlniili %im Hfti^ M <ir «li» puttc^c ly im MuiMift cqp»JI 
iA tiMi fnwttftiMii of ilMi mitii wliftoli im iM •liititiM mui tite 
«f UiAft ciMiytep lit o«MM4(Mr %iit «»U«ii of I I I * •«t»il4«4i fot 
M»d 4i« JNwiiUoii ! • oMfio^ to f«i(^ • 2i i#) iiii«li mo 
4ii|t4»ily lit mm6 aiiglo f » fb 
H I tlio yi l f4 «iMt|i«i»r» we i » i^ •tii^«tf «ii9 9»r«itfftooUon« 
or »««44aA 4l»t«i«0@i» mii «li*49 loeatiflMH of fiar^** «ololI4io 
OflMMis AM to &4imi'o oiaol«ii0»ii ^Ml WMTimt ooiiiVe of r@i44«w 
Uoii p'Ottduro* SA tilio efl#e ai»o IM^ or^4 oT tHo aatolUto 
l« iii^ppta4 to m oinauiitr ana »SV4A8 ii» tlw i i i i M or tftt 
^ U p U O * ^19 off«Ot Of itfloiNii 40 4siioni4 18 Olio ciooo* 
St 4 i f«MNKt tiiot tfeMB 4iioiiio4ofi Of «ft|ot«iioo» i^m mmitm 
mmtm 4» to olMifiio tiM l4fioor ^999 of 9«r<|g<io into peNio4lt 
flMSiliotlOM aiNI p»r4«eo Iie4clit Ao l^ttlKt tfoofooood ^ iw to 
oiiotoaiNso* >¥# aioo note tHot mltft eaoli ooapli^te r^vulutiaii 
of tlM> SIM^ tfai oiktfigo Ao Urn 4ii*eot4oii ^ O M oiiao Um 4o 
It. Cinii-ix^ l i l o ^m p~ t^it« l^e portMdr^tions of WSi mU.%A 
g0mm ^wm oi m&misetekW ^ ^ £U9% p^m ^ 0malmi»93 
iii Ite £1,1 &% part vim-d a: tiao as«»»si£i j^art susifo Hn 
Q!mtrii9iitt<»ii of 8«i«oii^  poif«r of ^mtmttitA^^ «lt^ aooEm^  
sat«iUi«i mmMjm%»9 aro turn ^timtAam^** 4t %}» 
Xa t ^ i.«3% o&i#%&ry we iiriV« O'-dsttX t^( ^Ki pm turbo* 
tlons of H^o E«|^ oi&aa o3.«3«mt8 CIIMI to t.l3o m&o^^ po«r«r of 
%^^ tli olS.m|i6i)0S8 skm vi^m WR U&i'i^  l>oii»r of ooo&atriolt^* 
^Uv»ft ol' tl30 n^om- j^ 4for ol i^ ir&ti*£ @ti.alMSftoss ^ iMimmi% 
i^X,^i wj^ iro tiw oom^iry i s otatetiif %^ m^u i s 
ofi#aJl« %^ ooiiii«ratft of Q**^m^ Iff 111 tiBkm lima «^«|»soc 
for pmiMoafsLoa in Ii^i«) ^mumtlk &i Pitze &m ii^ XiOfi 
^»il3H«ftlies* ( f ^ oonlMilis of €|#ii>ti^ £ Hi III iiSEf® ^m tmen 
pm&mim^ %n W/$ em^meam of Xii«4.aa Matiiu@s$il<^ .^ loeidt^ , 
t^tXu m% (^mmtm li«&ir«rs}i% ia imev^ms. 19^)* ili^ ooatoats 
%«lo£i«2. ?Mmm0 mm^m^i '/oX* ¥3t IMITG Af a&m 6 | -^^^St^ 
com'«rone® oi Xi^ l^iin Ba«li::a»^ &lQal eooiet^ Mli a t I.1*I« 
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pr«>bl<;ias of at^ l« aJtial t» cfeifslca uve ssegrr^titcd in to tw& 
S l^anefcaiy tfe«*uiy 4y coucerifc^a with t i r aoUons of fch© 
aofciotis ar 84*telUi«* aromfcl t t e i r i^ rita^rl,*-»» In tlic 
pl*4ni't»ry ttr^jiyt v«r Ji<*teraii.no ttis;'' i^ iU,iJ*i of ^ |fc»rtieul*.r 
pii*iK't.t fvlat4v«» fc«.* ttH' .isMi, ta»lrr tl»L^  laain gruvAiaU m.^ 1 
i'arc*' yi* ifeit" *im uifci i,tos Icaa erf« otAve- ©ttractAim of isli 
the aUKT pl<dimtB ual l»unlt« 9 iJi* thi t^yliir HyjiU'ssu For 
cai<3iil£iUuf) of ofbAtul l< Rvntia I'wr a i>4«n«'t wr 3o<^tti4te 
Aaiwi t»f {»4.^ iietiif3f muUon* 1%' tMrd IQW folios e4 Ait MA^* 
TtN?ji»r i»?re lau ' 'd umm the c^s*'rvaUMfi» aide &y tyei^? ir^ il*© 
«JtarA«.'j i*»^  Aettt^r part of tJfir J^Ul ct*nt«iry. 'Clmm ctmtr^ttAe«» 
tAiii iJh«' tlp'yiy of .rA»t©i,l« wiK> tftwt^ htfc that, ctrmiAar 
cQui4<J«i Vfmi tl)« ooJ^ p'rf r<3t ami fHiiiiraA atuU^^ <^ nd ttiut ibe 
hffiiipenly !>o*JUf*3» t h f r f - f ^ r r , m^cc-osarlriy m^^d 4n c i r c l e s * 
f^pl4 ' r*3 Ixivm wnvii tmly ^^  OeswsriptAcwi^ not .*» (.Kpl«j>nuUim 
Qt tNe planet»fy eaQiU«3n. Ttie r « p i r l c a l l^^^m eimtmikuU^H f i ^ 
ICcpi^ r l i d Nt«»tim to tJte conaittiJttia t o cMKtfie4u&? tJt^^e lam^ 
of no t ion i l l tlie i^r i f icipiu (46861 • Bfesidc's ^ i iuf ic iat ins MB 
tissh^ Imm oi* smu^m^ Wmtom f omnia tc^d thr l^w o f lunlvr'r&al 
^rmltiitHm wliicti c i n fee *'«pp<'>a«sd iast I f two pur tJ^ le cil* 
i%iii^«3 a . una mm are s i t t ia tcd a t a UULiiiuEiae r apurt* ^ uQh 
p t i f t i c l e a t t rac ts the Qtinpr t i i t t i a f w « e — * - * , vrlK-re G 
i s a t i f i lversai cot!»t.iiit# Itw* foret'S 4tct .lomy; the l i n e 
Jo in ing thP pKirticlt*»» Co tisia fynd^i^^titi. ' t ^ lilngoa ttie 
f?H»t€!fi's iaif <>f wJtiverji^l . ir.Kir i t i i t i ofi applJU-g) <?fii^ i f 
t l r- fe<xil**s &re » | ^ r l € a l jtiid i f %ht wa^^v i s «nr«iiily c l i ' t r i -
lmtc€ i n i ip l¥ ' f icul ^f tsj l ls. rittBt v«r4£stio*» are i n t r o ^ e c U 
t a tftr si^-^4tstioii©4 j'©res*f dttf pi'4E£iiri l^ r t o the sHapc of 
t l i f ' IK*%I4« Bm T IK tafcigfii^A'' of this* foree f o r ^ fKD4ir-L^r«li 
sattJl lAte la o« t l ic ^rOt^r 40*^'''g*3» \4tiKiagfe 3 » i l 4 , ttiis 
foree i s re»p»iia4i>ie f o r !*i?vt*ra4 i i^>ort iai^ efi ' i*ct8 not 
pr«'<licttsli>ie fraai i.im utmilK^u of Keplf'r una Ht'^ton. tlit'^t* 
mffeetM ar© re^gre®#i*in uf t ^ * line* of IKXJP!* ami rotat icm o f 
tiK' i i iK* of apa4'.i<*s. ~m 4ii^iortaat I'orc^' ii» tme t o ii«»i-> 
apln r i c w l JlK.pp af tte'plunt^ts. The 4ir th 4s f l - i t tem**! at 
ttaf' polf-s .«ii«l ts«4g«"tl a t t i r e«p4itor» tli4d 4a kxvmn n& tl^"* 
^ l a t P ' m B» ^ tt»- . i i r t l t . 
regu la r -anti pt^iHetabl^ ^ehem^ of taotiiifi* jf^ % vd^n i t i s 
^iialy8«4 f rcm iH^mrfite <@ii^jefirati y<iial ^ t a ^ i t i s foittwt t l ^ t 
ilKt^re 8f*eej ta tor i i i ^ t i a c t aiKl a t tiac-s i»icx{»iuinal>l#» i r r ^ ^ » 
l u r i t i e s ctf Qutiofi attp«'riasp<fcs©4 mmfi OK^ afiK'Page «r wJirfi 
iiOV<*i*rit »if ttie ceJL€^tX«»l imdle&m 'ftm tsm^-^ho^ P**al t ra jo©-
t a t y j ^ ^ b l e a eunatjt !>*' solirmi mQimrkiU*i^ ^ t i th tlie' r s j ^ t r i c tcd 
tm>*b'i>-^ ttis'Ofy. 'fliP aetAiaJl |mth « t l l Vaijf fPK*® tUfe tfe^o^N* 
ticiil tftO'b'Jiliy pttth ilw^ t# i*.*pttirl>utAc«m» ca«N**«l iQf oth- r BE«» 
iKiilies Cf>«cft aa >*m3fi* afi4 ii-al-iitt^Jt*-*! iVnx-s iit>8. eqa-atterfeti i n 
K:«.*l>Jl«TJiafi m^timt i^m&b as mmo^Hphi rtc&l i.iirtfe» ..>«il«4r ru4ii«itioe 
|irc*%sf«ire fPtc#l« Tii«-»rf* i « felwuj^tJ «oeie vi»riotit j«i tvim Um miwmm 
"fhmie «* rturfcwt4cwfe» ii*a,cli are «»|?r«*«ilctal»l© «wb*t ^ tre.»tc?4 
i n a j-*t«cft;r3tAe Ei-fM^^r <tir4ad , n i ^ i % 8rtec»*o44 Cfi.lllaiti«iB 
«»*€.). '"^ e^ r" of fil^ pp'rtiift)s.stia»-i <i#ileli ami 14 IK: c«3tifci4< r«*<I 
^aff t i - tlic" pr^ '^senes' v^ <^tlwr aLtr i i«t4i iu lia-Mc'S, .ifcaKMiiJtr^^ric 
4raai, tbe aaplicrJtt^ >f t^"* artt* ^r :*$;«»ii, i o i i i r rus-tititiu© 
e f f e c t s . 
I t MlKMsi^  j ^ •m$^^'M-'4 thcit pc'rturl»at4atii^ are ulmi/^a 
smillt f o r thr^y can l>Q aa larg[« a» or iargt r Uiuft tbi? p r i -
siufsr a i t r a c t i f ^ j force* I f i f a c t * ^iflsr io tcrp i^ ia&taiy ^4@sioiKi 
wcmid stes U t r i r target e n t i r e l y i f tim prrturfoijaig effs-et 
C3^  attter #ltr@cti£ii;i; t>^4i<'d were not t«jilcrin i n t a a^^uttiit* 
I i r » ^ r i i ^ fchr #ffc 'et i/f tli^ ot»iat€*m'.^i5 of tiK- - a r t h am an 
a r t i f i c i a l d£^tf'il4te %%mil4 cuuja U.H t o coti^iJIf-t^lj^ f a i l 
i n tiK' pn'd ict i<m of i t s pos i t i on 0^-r a long p«^riod tsf 
tia@« r^tlKXit t.tm u»e of pftrtt ir lki i t loa ^ettiotiB of isiuJjFisifi 
1% ^ smtM be itopoesiblc t& tjiDJUiiti or pre<lic;t th^ m^bit of 
mxM. fi{*«tQti b i4 iJcpluiiK'd ^ i ^ t of UK" mirky^tiosm In tb& 
^&luoA*9 c»1»it» except Uic motioii of tti0 perig«e» i f i 1749 
Clairttfyt fijiuia %Mm &»eeaiil order iK^rturbyitltcm t e r i » rc*@ove<t 
ais$cr©|iu«iaies bt^tm^n tinr otn^rvea iinJ ttk^oi^t icaX vaitii'&» 
i^t ic i i &u<l not bien %tKm%ed figf l^wt i i iu itnea, aixni^ n eetHEXify 
i b t ^ r * tM- f u l l ricpi<if^iti«4Ei m^u fooiKl i n an tmptiliii&ihed 
e»iit^<:ri |) i uT r^i»ti3«*a« i .^u ftrot»s*@ papt^r of ISfT^i^OS^ 
ex^ic i in i f t great «totai i t^ pt rt;ttitviU.ve r f f c c t a *JC tJhe 
otilj^jt^iiesii af tiK; i ^ r tH <iiid filo^jn on Uie Uutm^a o r i i i i ; ami the 
cffe€rt «f otlK^r ip»iiii}(.'4U* Vhi; fwrt^ jsenecj ar the piitnefc Meptwn^ 
WMi 4le4lu0ea ^BKiiyt ict i l l j f tQr Aila@0 and fe^r U 'ver r ie r froej 
attaiyste or tJHo ipit r6»rb«^«t im»ti<m of l^ituks* 
Sioi^ liotr^anoor^rvi ^md {iitiKimil>iciuastiav^ wdris,«r<l on t,&e 
tm%io& (tr two t iOi l i t^, s<i^ m' ttmm £»!% i^Qissell l i f a l l / * 
QmtlMa; t l 93&) , iC(^ K»i (193S)» ^ teme U939i» B r o o ^ r 11946)» 
Ooo^Sreer (1965>» tK»ri 11967) J^IKI ^^Jtntacri ^na Kam l l % 9 ) » 
^ lat i iu j iar I197B|. tti?y ^v© ff jo i* ! thf^ t ^ t i e * * B » 1 Hie |K-rti ir» 
I3«iti«»i9 AR tfe' Kf»t»lf'rian r i € ^ - n t ^ 4*ie to m w - ^ g ^ - r A c i t i . -
o f t%fo &<)ai«s, i ia r l i l % 7 i fess di-aiefi*-^<i the i'«»*ibltiEj rriefe 
tH© ttje of miitiii&l<» etjfMmicia y^riubMM ami toy u i# tiiod Qf 
^ ' n t i r a l p i> r t i i f ^ t&« i^ teancNj csii eoiiofi ieal trrffiflfonmJti««te>. 
'The effect of otiJUtemsa ois t i r aotion or a r t i f i c i a l 
aateliittJ'B iki^ been sUitlia^t iQr v»rioc«B rxttli^^ticiaiis. 
^m0 &r timm am Ueommsr 41946919^9)• i^'o» Bi i t se r Il956)f 
ilf^c^t ^na fJ^iea (I95i()» itierfie Ut9SS)» IU^9-Nei6 I19SS)» 
KoK i^ U ^ 9 * 19&Iii)» ^'V* Orcvtra i i 1 ^ ) » ciarfiniiei 4i95^» 
19^2), Im^ tl94i)» %334i^^ i I 9 ^ ) » creh&tiiu^ U 9 ^ ) t 
Koal^ ^19^i)» ^e^tme-r i i f^a)* Botr&k^ i^ iki I'r^i^uriii t i^"^}* 
\fc3<^ n«3ir C1964l« Cliei^aftarcv iXSS "^^ * FoiaUioir 419<» ;^» Oiov 
tl965)» Viisti il944)» Sasrar (19<S6)» ^ l e l C196&)» IQrii^ r 
119^^* Ui^n C1963), ^auli ( i 9 ^ ) » ^Ulma U973I* ^4a 
U974)» ?^ M»Btfc (i973^» lidr4-*iM5aA ii9?4>» iu.ii4iwkii ilfm)^ 
r.Qth C1976)t ^ii»»iii£** <19n)» 
Tile arniQtifiae^'nt of l^ttit*4 itatc^a Omf^'mm^nt in 19^ 
iliut a»K^ j^ao ti^ dUAl^ i <^ i i^ fi&ii t;a$.«<.'Iit^ » ill caiiiliinet^im 
aiX'it iJCit tititTia inttsvdi, oiivl iikJ ia4,ciig-e «,fia% af *2rcat4ijg 
Irionsiiili} uud lj«{ist»^4 4£)&ii orliit* Tlie i«iiiiicliii|| of .MliXMdStk; 2 
ifUica&ea Uk^t tor %3IXJ f i r s t ca^ n^ ^ f^uu h*4 l^#ti ^ l e c.^  siifijf««eie 
Urn 3ixiec lie*3f<»id Ui» .4jtg*iiv 'ihiA mm ti^ iKinifitiiiig « '^ Uvs 
KBtS l0 t^£^ d in Jan. I95i anil tMmn uftc^r ot»@ utmi ^It oufttt» 
l a t t e r Vfinptont l was launciii^d* UmMM 11 mm tim imssiuna 
t i n t aiAtelUu- tthioh m% the UQ*m i n 1939* i n ocklit ionp 
t iKs ia i t t h r u t i ^ Vostotc I ( 1 ^ 1 ) f i r i t jput a i ^n i n a t t ^ i t 
iirG«£^ th^ i^4jrtiu ^itho^Elht tbt'a€' (V tn ts IK 'mi l led tM^ 
•sijuc© agc% t l * n^re a n t l c i p o t i a n of i iF t4 f l c4a i 8^tt i i 4 t t ^ 
hm4 ulv^u/^ EKH^iiriited i f tveral c e l e s t i a l m^&malem c l ieorot4-
clans t o t iam tJteir a t t e i i t l o i i t o tlH^ «|jrfiet£i&eal laotioi i o f 
t l i i 'se apa<(e veMele>- En tlie tHPirf spsia lyetivren 19S& ant 
1963» «i i9lK>l<» sNOCKsea ^I<MI c»f ^tAoiysIs n^s gent f^te<| f o r s^i 
fartfe mQ%0lllte*m Ui»ort* t i<^l o r& i t i!iatlon» aaplaylng aimmt--
eij i ' fy ienc»m perturtKttlcm t^ o{m&fm@« the a t e J L l a r l ^ o f cm 
a r t i f l e i e i l a r t t i a«iteii4t«< t o imr naCtina s^ i t t^ i i l te* cite 
Uim»f imt^'iU^'bQl^ J^ptil^ s t l i ^ t iJ)e «»eiiitli «3f l im^ r ti^Qty 
dtevelo^'^ avt*r E^ tnar yc^airsi c^n be iii#14cKl v^ltii ixr&per infe !»• 
prf?tut&fi»ii to tlie m»%lim <^ as a r t i f i c i a l U t r t l i s a t e l l i t e . A 
mmib^^r of cbtiicDaticiam^ hs^e «l&tAfiDim<l Uie O H K U OT tlie 
a r t i f i c i a l »«i td l i t i *a and olao c«X3tiitti'«l i t a C\»orainut« «• 
i^tciBK' c»f tAr'fia ure ^ i ^ r^<m Cl9S7lt ' • ^ n s <1957i» l i ;^*.r Ci$6t» 
1945)* ^ ^ t f e iM,%lh " 3 ^ ^ ^ i l 9 ^ ) » <^eln I19«3>, Zsa.^ i£963)» 
Vc?le» (1974U 
l a t e i n lfSO« wtK'tt iiwtensie ^oii(> c f creat iRg tt t l ^ ' o i ^ o f 
a r t i f i c i a l !^f4t«*ll.it<' e»ati<ii^ ISKgun, i t VM-A '.-^®um'4 t h u t ilM? 
r f r i c t « f Ught |»EV|iti»iin or of swlar r,«a4i*ti«rti i a «*"aiJk ;4t>ly 
lifSdil a^ Cai^ .pin**J x.a tl$r i.«f i t i i fief of fJ^'-Efirth'tt a&l*!tf im-^ gs 
awi itor* ef f t 'Ct af lu»cir-ffai.»r gri«rltat4i.aw lfeiw»i?«'r» tfeJ? 
4fiveat4giiUv3«B of t J ^ sioti im of tilt* s a t ^ U l t o "^Vongourd l^^ 
( 1 9 ^ ^ ) Blicnt^d y*ut cvt^n AI* %fy^ t o t i i l ittf)ar»3QJl»r gri<¥4tt*«» 
Mana l r f f r c t i s tald'O Anto aceoiait* i ^ f a l l i^meimrA &c*fci^e« 
tlW'Mfy aiKl oi>9>einf«iU«iifi 4s dllt4i4fi(^4« I t «iai$ prec i r l y the 
nt c'«t of cupJUiiung thkm ^^Qrtpumy vthieli pro^tt^ d tine stusll^ 
of tlK? © f f ru t ot UgM, IMPenstir©, tftMs 4cyit4iit4ii|f tht^ fctorore-
t4ca4 3»d <'X|)(r4i3iii4i^i mn% In tti4a f4c l«t« Vai*4aii8 tttitftors 
\ife»en 4 49601 • I'tiriuttsofia JoRt^ ® and t t e ^ r o 44960) oi^ i l^^^f i 
t i ia oft}4ia4 i^rmPbixtkiMm of ttw' i i a ^ l 4 4 t e ^ 9 9 ^ ^ <^ ' ^ 
ra^utUtCOi prt'«s«irc and tht» 3©eu4i:jr p^  r u i r t n i t i iM^ ^WT* dt'-ix-r-
cailHdt 411 tttP flPBt a{ipru%4i%iUcM}» The tepgri4ttl«i& ttT tiNi^  
i»ce€l€'rat4aii dhu? t o ra« i la l4^ i {ir<i$«smr«t «^ siU@a&e«S f o r tttse 
.<\cc0ra4ii3 t o Ckifiic 14943) fiN»4ar r«i<l4iiti<jn pr^uaure l a 
@£>re 4ij|»i>rtai]t t i ^ n «i4r ^r^m abmn* miaatt 4000 tasb leiife»@ii 
<49^ ) li»it ti^ ^*«i d vt-e%xw u|«»f\><.i€li 4«i aai€t i i i i t4«^ t l ie c f fV i j t 
«if rutdlaUott i»rr£jatif'«' un tJK' c»*t»4t or VaagUc^r 4» t^wriMm 
%im e f f ee t 0 f J.artli*© &%i&iimim Pcrt^ip^ tte «iit'^iy o f peptjoap*^ 
lki»tioas ^ 3at£!!it4ti^ ciK:»tlc% dfeic' t o r u ^ a t 4 o o pf<tr*?fid«ir@ itus 
f 4 r a t ^weiopcd l ^ Wasefi I49i0t>>» I t 4a lomvl f r o a tto© 
^aervat t<»K i rol^raktiava* 4963) o f V.^ngitard 4 i^Ddi i4:iii) 4 
tlsttt f o r »atail4t«>s ^ 4«rsre srrar-to-ssM-..-* r i i t4o tfcn? l<i»s 
p^r lml t i r ^ 4u^ t© rmUat idn ijre^j*iif# a4t«^r tfep <»r&4ta4 
l^rafsrt^'ra eoitei44ler4t»4«*8, .iiM Iv nee a4t<'r tl ie soit€s44te 
44re-u«r« ?^rlU.»a«ii 449€CI) Iksa sliawed %t%-i% u% m mean o4t4«» 
t*Kle of JWOO ja41i's, ra<Uoti«« pre'tsair© tian «l4fep4«i«e tisr mtAt 
cC ti¥if i a - f o o t BeuGtM . sa te l l i te * o t 0 ,7 rati*' p f f degr* If© 
f o i a d t o i>ra<fci«:«' sign4Lf4ci»ftt p e r t u r t i a t i oi}@ In tfee i^'r4gt*e 
^ ' i i ^ o f U ia t s u t e i l i t e . So th*-- Casp o f a a ^ t ^ i l i t * ? %^%h 
a Iwrife r a t i o of area-to-fanss^ t h f l a i j o r it'ftafi* Aiitrcjid8€se»4 
fiy s o l a r i%44i>iio{i preH«iip© ean if^Aic© tJ*e ^ r l « t - ^ dtotof ic© 
a t th(p r o t p o f I t o a icm, |it?r ^ ^ , WQ t h a t the i A f ^ ^ t i i i e 
o f tlw* s a t e l l i t e %s4Jl b^^ O'^ sis c&n^kiiet&hty short«?r then 4 t 
m x i i d h» ^ t h o u t th i i ^ e f f e c t * ^ t l i o r o u ^ 4n^^ t4^pa t i o i i r^us 
raia** fejjr iif^kn (t$€5»19tS]l t th r re fee ^ ^ cafitsAacreU tht' .^ tfeisSow 
« f r * * e t , rau^rln^ a<3tti*€«'^  i ^ f f c c t af*J e f f r « t of r t ' - f i r c t t ^J 
•> ffijii3tK»r o f »»thE*m*t4C4y^ii« iM^r* i^w^Hfe^ fa <M^ dm,' c f fs c t 
a f s o i a r r.f«i4atioi i prp »-*urt> j^sn ^>ii a r t i f i c A u l »att>ijU.t«'» 
thp !?««'QMl<!i* »cef»i4^ri*t*on t l w u* &alr*r f^MUati.<ij«i |i«*^ - *s3ttr#« 
E<MB»A I I96 i l » ) tncoi^poriitf^a s h o r t p r i o a ta^n'mi buG^AJfUi Uwi^© 
are i<9^i^pc*rioa v« i r t ^Uo i i o f th@ 9r le i i t i * t i t» f i i j f thk? oi^foii 
i x i t l i rifc^rfpf^ct t a fcht! »h»«i«m onsJ tht«y €K«i.ie imi^j^rioi^it var i i>» 
t i n e e »jf t he miov uxAa ^jf tht" a i ^ i t , lniiiC^ii-BQr*ti^-B^4l4p 
the B0Uir r»4&i i t ior t irei«**ttre an the' i©utA<»i o f !-^t4fUAt<s» 
. \ r t« ' r t h a t a nui^hc-r ^ ' fatitfte^itAeAoiia «r»f CfMtatantly work l f l s 
on Ult' e f f e c t oi* i*«ilaf»»ra44atAyn prt*-J^IME^ on tht? u r t A f A O i a l 
s u t e l A i t e * Fri? CM" i!»hich am* ^ i h » « h t ' r e j t a l p i i 9 7 2 ) » t t j j j j se 
i£«v«i U f 7 2 > » luisytir U 9 7 2 I * i ^ U9T3 l# V 4 l ^ n e U 9 7 4 ) « 
et«iaA iA975 l * fl«iSl¥3 U 9 f 6 ) » iksfwea 11976U VaR I197&) . 
t op i as I 
lanyis Efciteilite OiHiits tiae t o t .artli 'a lalilriteiK^sa 
Ctlafiter IX* 
»AA> P'*'rt«S't>.'ttl«»® of jp*'rAat.*« audi -.ipo '^C- «!A-*t*»fic<i'fcS isi 
'•.xrUi*d ii4jtell4tt* orliAt;* JUK-- t a . a r t l i ' a oi»l«teiiei*^ 
and eo ia r radi:.itto« pp©if.«irc (f^sivii^ suitrcc:), 
Cteipter I I I . 
11,^) l>ei>ttti1teitii<3«» <3f tilt* #?le«aei*s <^ a r t i f i c i a l s a t e l l i t e 
<l«<? t«> tl«p oblatft«©sii of t^ 5 artli» Otej|itt*r V. 
F i r s t l y , '•-•«' f*;iV«? iipidiH'cS tMP ^Ui^^f -'fff^'et* Tln^  tin lo t^ i&Mi 
fAiiis^ *! »*iUf;^-i^ An tik'alt.i»«» of ©cilpi^lc jitd me o r M t <J€ tiie 
ajit«?.Ul. e kri rtl'^a t'i^*ii 4» tit" :H*fiw piiifM ^i-tiicli 4-^  #l,;4;9'rd 
t a iiote *fi u eli-tjaiiir orf i i t . In tMn ;itiic^» v« aSuiU 
e**^4'?at. t!i<> apiiS cf f«iJ t , th': tmt.it ;*«ii Stilr^r iir^^4tati.^J?i 1 
pt^rtarlali^ i^e^Urrittioji «pt<i IMMI"^^!* I t Aa fuanii i;lit*t tiKs 
decrease of ptTlner and r^te ©f Ancrrase erf* a^ H^ogpt^  !6*ti,li 
r^nualns t'iA*«'4 ami h^^m^ pt-rioA of r«v lytiem i^ stpgrmuim-* 
%ei^ CQoatMintm •© furfctrr iww thai tii«* anipAdr p«*itA(4i 
of s»^ r^Ag«i' «i»d a|>» '^£- l)A ikm4 a t <l«l»<il >^M4 a Cass tMtT I** ||Jl) 
of tlie r.;jr«li. Tim p<.rturfoaU<ma <^ ap'sA'ial 4i«tt^fio^8 und 
t # » Ol» Wdandlyp .«t con-iA'JI'^ P i l l " 3t*a<JN3fW ^ f f t ' « i ^ i»o OTi 
liar an >-ia3i;»ani .^^ -jiiul tt> ttifc' fr.jc%4»»n ol* iJv^  |*.itli %«hich 4* An 
dlutlmf and th' loc&tum m' \.t» ap^v iin^- i^ fi3t*^ *i afc attar tsjj^l-
.1%. ttor vocS uf il»A'3 chapfc<pr» #^e Ci>sv-iAi*^ r th* «(^ ?U«^ of t t e 
s^teAiAte ftir cAlApUe orl>At« lioiit^«*r i&t eoccntricAty 
e©fisAtier»4 A«i Q? tfeti alJO*^^). t- m>t« a«*t «*te |>.rAg©€ 
Ili-AgJlt ileere-a-^ JMi .^ nd Afcti l^JCatias As. t^iAs't^  4 to l-if/Sf*'^ "^'^ * 
wlJActi mm AnItAullw ut ^^  .^ fr^  pnjjic? 6 a ^ 
<iu«* to j.i*rtli*9 obiuu*i*''-'«»« ijsu fiKwAisgj ^ »^ir<;< of r-iiti^tlt^ |re»«il4^. 
An thim e*iae wAi^ o tl>« ^bi% or th ^mmillu- Aa ^uppot^ t* to l>o 
i3Ar«siilar and rauvAng An t!i#* pl^nc; r^ r tti»^  «>eU{ii.Act« In tia» e«»« 
<|ltixritit^i yt't, -we lUiV© 8*«?€n ttwt i*4tli e«Qli I't.'VoJIiitlim »r tfe© 
»uii, the clfc-iHSf*? in Uhw airi^ciion or tin* »!•£»«• iltie 4s* c# t ip 
m?)»«» with ffipving iiatli*c« i^ to c^tige ttie iifiedr dt^Qi^ of 
aAataftC# 4i» rurUtoer <le«r«?»tja<?<| due t^ j^|>lJiit!«ii^ »s«« 
in t3m pr^irAiitta twa Qhtiptei^, ««(? bme caicMiaic'^ a»iy 
ilift'' a|)@iclai iU«it,uticeii ami timlr lmim%iMm» in the eelij^Uc 
l»i^fie dite to iJbt' «rrt-ct of di>latign«.^ » ^ tJK@ ttirtli ati4 ii^liir 
radifiiUafi pre?38ttr€* in clk^f»ter IV» Instt ad «if c^ J^tcswiafcin® 
the aprjidai air^ l4tfic«>8 aiwi tlieir loeatiimst w^ £«tiali Q&lcul&te 
ot»l&C«ties0 of itie i.»rtii« THe vih^lc «ii»^t@r i^ <Uvi4*'<t in to 
%wo ik^rts* in th t f i r s t part* parturbutiofis of tlii!^  urtiitsil 
c i^t'^ iaenta i« saloiiat^ii shamii^ t l r atmtri&tiiiofi of tJr a^ ecNMI 
pomr of eo-J«f»tricity isith first, p^^f^r of oblateiieaa %i^rct« 
tite secoiMi part ifiK9K»£i tlie- Ci^tri&uticfi Of tfeK? af^ oondi l»eM«#r 
0f eccentrici ty with »eaai^ i»qw«r of Carth iil>ittt©t>r»»» A 
ii0thO4l ^ «letertBliittti<m of aonatunt^ of integr&tioa IB uis^ 
jgiven* Further gi^iXi*^m,H,e tmteiiltt Q&&fiUmi%0a and eortH c^^ * 
tions of thf tctpoc^ntrie S4i»teiiiu' caor^in^t^is mte i^@o 
«lcten^iK^<l* At the eiKt a muapri^nl rx«i^ »pi4@ i s aiso mm-Me^m 
In t .^ previous oh&ptMt, \ve h&ve caieuinte^i the p^rmtp* 
tmUitmi of th($ iCepiirrifitn el&amts 4u^ to the dbl^te^nea^ of 
the ij&rth for a nt-jiiwclrcwlar isai^Uit^. '^-e tiive ulno 
SXKf#r of €co^m,rie4«3f« In dutptrr Vf v^ &re mtu^lta^i tHe 
p'rtiirli#t4<Mi3 of ttm H^'s^l^Pltm r i e ^ ' M s dtee to tlK^ ii«^<^il 
fia(v<«r of ! artli «#litteness oiid upt^ o ttir> tii inl paii><*r i^ ' nrtfe 
cMbJUiteaesa t o d i f f< r c f ^ |)crl;itfliu£4t:ifi^ 
«t ^riai*c.'iLijar v^ xAs of Uic i l l i c i t 
I?* \«jpUur vei<ia4«^ ijf ti»j mill 
1 < . 
V '^P^*'^ a4atJ*»ce Gf the s a t s U l i i e 
a 
» i jacai aiacji^'ui Urn- af tin? t>l> uTvt r 
V t r ue Cfioeiil^ 
V f ^ t ^ n t i o i o f ft»@ ^.arth a t im 
|jc«jp«s} tSeoc^ntx^ retH^f^rttl^^i* coofa4iiu%(*» o f 
^raifit44tJ.yfi0A ai4r*=.vCtAs»«i i4' ^t^'P ibo4l.isB ar toy iioiO* 
•^.l^ l^ ls tftcre are sv-^at^ m^mjtotii^ Oc-vtatiw^ irs t t e an>4t-al 
eli?rarm% t-tiey ere cu l l ed acrcatl&r pertarfaatHla«s« 
1 ^ 
life' eitfcre«? ©nOh-j^i^ or tiK^ mi^m' »*KI^ wpe ffferiK^il 
tDi> am iipBVB^ 
TiMS ?viif1^ hi tlattf-Wfd . i t ill?* ponies aHi ^uLgf^sl fit 4ft© 
, <J 
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-ftt'g"*.^  sitx . - i t |a i . . r ; j.^itl-sn '.-j ,>"!.•,••-r- ,T« > . SAT •" . t ' 
Si's ni? - j/<^, ,it aii i , I'jt.is u AS. U* i <44i .tJ»'A..i. i-ji ' 
|t i " I K 1* • i j ' ».• ^1 , . ^j*j' > i l 'fc' i > , I i"* •;. '.H* t . i~i 
*,-.•»* 
a l i i 
*i KJTa * I* J J *' 1 ^ 
life r^ * «^ 
* ^ p o 
i'pto Q\ 10"'^ i ^ tilt ,'u*..^.'Ml .J <.^b\i.' U ' :w'c I-i»iy* » A a 'J* 
01 Ai*'"•'*# jv.&n 
l r " . i -• 
'r_r' * «* "•'•7* 'I ".7-^ ">- ^»—- | « ^ "I*. © " :*-gr -«,'>• 
r 
v;t • ^ i - * ;%' 4 s ' f - c t i>8' til ^^ i . ' , ^ tv -.i .• „ ^V I ifM ui\^r 
^.^^mviu « ,t f i w t appr-.-ii^t t.i,j4» r ^ r - i j p t a Oi 111" 1 , 
» > 
w|Aj^* '} r^ ;^,. Ao-'j r i . \ ' -J ...iU t t i f f ^ f a f ^ the p«^ri«jd of r - v o -
^ - ^ > 0 , ./iK-o IS %:=•. evi 'n < s: 2a , nii^'^^ tsfr ge t ;> , ,^^i .^ afKl • 
* ^ < C*, wHi'ifi It 4414 o*J4 t a ^ a j i - l ^ a t ^ l , 4^ %v% wpi^Kt^c, s'^u-r^' 
m 4s tpro t>r pafalt4ve 4fitej*-^r« 
c j c t i lK' I* r4«|««.' a r .^Mj^it-t' iU^.t^ffelt a f r ^ ^ i <• «H4.,tAiw£i 
42»3»i^ ^ p e t U n g © rs ftff - V 2 , f n =s 21a i>r JJ3*4^ VS«^  it.iV< 
atml 
u f |ji'r4gt.H' r t^r i t ina fist*--*! i i t - V ^ , 7l¥' t ' l V t c t af ufel.ifci rtoas 
tM4ij t i t ui t l ie p^-r4m-e» 9 a tkv^% upprtAXkI3it4.j« «*Q =^  J^^* 
I 'pta 0 1 4 0 * ^ ) , tisf' y*»AiiieiW' -.* t f r a - * du iMjt r m , f r the f-isprt*-. 
asAun a f r &«it 4 t .lo«3 i f j u - r 4f .-.•»-» tt»ke r ^i^& Qi'W^ u 
6^U4D 
I 
9 T I T O gi^ fr*^  
o 7 i ^ 
or 
mut^om 0 • Cj|| © • Hji 
0 "7*?^ 
Ojj ts |ir^^ • 3KrJcas 6^ * * ^ i 
7." 
1 
and fAi%*«ly a f J : ^ •J4rr'?it^4c-i.! m, *H* f ^ t 
aacrl 
4 
l»- a la r^ l l • — ^ «*^ 0 • «ii 0) j , 0 « .^ la .4*3) 
p^  2s ikr^ti't- - T ^ <2<^  aj^ *flpi© i^ , 0 « -1^ ia.4*4i 
^@) -5 Hilnn.; c i ^ * @ ^ l i a . -« iTfllfi'*© #. 3c^s 2 ^ 4 * • 
^ ^ ^ 
f^ kan, t i l l i ng u s s f 4fi (a»4«l> ana ppacct^ding 4i» 4fi 
4 o 
f * » « t i 
* * • • tt ss •*• *» iMv.. . iHu |58j|ii*^0 "•'1} •» &iiiwl^ .ii3l ^ 
,lt^',»,,.<3^40^0 ^ 3<felff'#* 5) • 
?P* 
.» «l© 4i 
P i t t i n g t ^ v a i ^ or r^ f r«^ i2«4*3i An i2*4»S), w& Umm 
I4 
» | - - r i i l l @ • }*2 12.4*^1 
i r ' 7 f ^ 
^ .Afs f o r 0 • "i^ 4#< • f a r titu nlui<>k3m iA^rtA.*a, iKitdn^l * » 0 
l» tU f i ^ l tin* value or r ' fr^jia (3*4 .4 i 4ii (2*4«S) m* ij^'t 
^ • u s |$» • jaa*^%-45»sjiir'@-i)* ^^ia^jC « 
4^> 
*^ o * 
4 2*4* Id i 
lis 0i\lt*r U. f i t v l <Jtst the ij i|i*tAm*s of ^^ fcr tJAfi^ rt'»» 
fii r : 3 
'« ^ Sir I «*« ©) 40 • l^ j^  f 4 &)ii@ 
«s i | • I . * m^ <a«4*ial 
i^OW 
f* * Sip*^ 
K a<as ®t ^  * " ^ ^ '• I7»iii ©,• i .3411 5 6 | i -
l # * * I ^ j^ j ^ j ^ 
» l a i s in 44lj^*24,<lii 2^-1244 ^-a^) I • 
I 6 l^ 1 4 * 
sitid 
^0 
.*,- 4K-ir 
' * o * * * * IT' 
43 
• 4SI4i;|4 * ^ - ~ l^ittsr a#|^4f* 4^|*a&«J|) j 
•ulb3tit»t4aj 4.h» '^^Iw. -1 .If I^ -ilia I^ An *»i|^iUy« itm^^iZ)^ 
4' 
^ — ^ ( ^ . i i n S^^-»iii 30j^-SC€>i--0j^sAri 0^^!^ I 3 . 4 . M I 
SfKl 
i i 
* I f<C-)C09 O0 v^S* * I f t @)«S»9 l?!9 -fO 
« • a ® * '1 
^ liar ' j ^ t » i T g j . j^ ^ * 
nf«<4 
4 
NOB ti'kJUi^ ttis- abov€? fxpre^s i im of 1^ ©I f rum «-Qtmt4<m 
(2«4«9) e»jr br i s r i t t c n km t l ie f o t n 
tt ss 0-Coes 0 • Cjj«i4li 0 • J ^ • O^ * a ® ^^" ^ 
^ - -^ft njBB 
• 2 ^ «a-^—»« 12.4.151 
a s 2 
S « - o • r "J • 1 
t a^ re 
afit 
w i r r e 
' as «» I - ^ • - 1 1 2 0^ 
4v; 
'^l ^ ( ^ A cos 
*e iwtt^  fclteifc \.^  bt^ fek^ *? s iiltf' i ttikl tlif*r£ f ore « ufid lyi SI 9 
^j lif|fe»ve lilt© *^ and ^ piP9pect4v«*Ay» 'la© 
« * • \ cos SI0 . 
tAon I2«4»1T} are i*.'ri*i«l4c 4»ii.i l>«fcimi«il cxeei^ 6 Ai« ©^ 
sArkJC af i« r .i lis* er^|« iiic^. r oi r«*¥^-latAyn^^ thkit ^i*ll 
audi fAii^jlly^ we gt-t 
3Kr^ @. sin 2i*. 
** ^ ^ ®*^ ^%* — f i r ^ *i-^'i*» % • 3 * 
K) i . 
and 
s^e imtM' tha t i-lit ei'fecft .#«' .iiuiUmt 4i:.- u# iJ4fc-4»4.*li tijt-
t^ r i i t l plaRK:* But Ai" U*t: Mtl»i«, -.^ t,* Uvc riyt^'lHw? ASS «?i,llptAc: 
i=» «,-MiS ^.it'Ctxith^ fi€- s t e i i *;||r t^i final ajJt'l^til ^llnfeiiieeg 
Aa feffc^pe Af -.^ e pat P r: r"@ ^it -^f^ tir t.i*m i 2 . ? » t i w? ge t 
^ - - tr^ - - t i ^ 
•63411 2S I * t fC r \ l p 0- 12, ;*3I 
• ) . - , 
t» S : •iii..iii.iriiiii«M»iiii.«ii.iiiii.. mmm 
vur-'t^ V -^^  ^^ ' *siii4.*l .iniiuli.p ixj^fi^ti^ai .*/ j> raj< <• UIKI 
•» !£»..•"* 
) > J 
1-^  =2 J I J U * ^ {2cm i - > cos fil-alnr^e)* -I e K 
I* ^ 
K 9A« #i3^-«sAf» Z^mh i i S ' '""il^aAlt'-Ql • 
I -
, t 4 
7r 
« ii^ H ) i2.5,6) 
r«t«.ARg tft« v a i t w «r ir- fruttji t4i|iiaiAiJ«i t2» i»5^ 4r4 e<|ijkiti ' j« 
I 2 * 5 « ^ ' •'^ *' t i i jve 
4¥ y 
* t P ^ > J / l * * U * ^ l2oas 0 - > COS ^ X 
K (A*siArr Si • | c a.Aii f t 2 & - a 4 n 20»'«3 | 
• ^ • ' ^ -^ t l -« l . i r '0 ) • '^^— t7aAn'*e»>3c4^ 20-4) i 
) . 
i^ I ^ 
.f** 
i U 
tt ss /. COS @ • B »An 0 • 4 • " ^ ^ | ^ ««»' »Ati ^ -
• «aa id • ^ " ' i ^ ' ^ " * • T f cos f sjos 2© • i «* s4« If^ i 3® 
• I Mn 2©) I* ^ ^ i > ^2S@JI^ ) • '^' '•••• M 
- i l a - ^ I cos 40 • aocos 2 1 ^ 5 ) < 2.5.7) 
v^* re "^ aiMt & arc^ cuns touts of af i i t^grat ion. 
<)<} 
aiXt 
tt s- ,lrt^..^4li,.,t 
4 H ) a -£-.^tJL. 
© a i l — «"') 
X cu»l2i--#i- 4 3i,m d»# I • ^^ ®— ISsAn Q^^ a^s 2Qi^l 
• ^ •!:' 41^0411 a-Tcois 4^2oc<»s afsi-iss) • 
4^  
T o 
A l l til*. UTQs i n t-fjUiiUya S2«i«8j are pt^rioOic iifi4 
ti^r^i^m^ we wr i te u f t v r HOEJP a4iapiAf4caU.<i« 
f i » t l i lr* sp^"3s;»ar.te a- laiAors tm 
. A ,is^^Mt . J i l l » Mja'"',ff» 4if;::l.:f 1 ^ 
S # 71^ am 
r^  * „ .__ ^ i-H !•* :^i i* ^ j - ' ^ - 1 5 -e ' AT* f i a 
f a r mmli t'«:.;t;«tra.i^i.t^ a f t - • • ^ la^cr^o- iniiU*. r or «'»v' 'lat^lt^i^j^ 
t l iu t «.!» yc^ri^-e 4 . iA;i<d a t - i / i : « * t n «u*ir eu,-4e the 
"•1 fruia - i / g to ««•« leisr tan ^'^ % h ^ J^ Oef inta fiy equ^tAC^i 
tUf pi'ri,'?^*' .'I4-5t'jnc«» <^ r ta in'ir^'i.iM" th^ ap<^«*^ d l i tcifsce, 
Tlie effs'Ct ^1^ iiWLm i.^ t - 4 iSi rA„{ i tl>. .'st-i:.iit of tJi*' |> j *^-© 
IsQf cj« aiai'tHit * qii.a t.> tfic' f r.,ct4. >n . tht' path w.JicIi 4*3 I n 
4a 4ii4«J^i4y l3«Ji*ttsi « t fe 55 ^' y- t u f t r r u &va*''rat«? iiyialKr 
7 
Of r i^V^toi iui i : X. 4^ :..^44ft' 4 tV^tr. ^ to l -a /2 + i«ir, -.fiA f o r 
Cfiswm III 
3^ 0 
In the prmi^mt «lii»pter» *fc h^^vc tak^-n ttm" .-iyn fl2»4 
ainjfstiis're 4« Li*? e c l l i ^ e plii»t* otiJi tin? autlofi csf tins 
safc#llAtf' 4® uis<> €tm:-*4#^ r«?«l in t,lie sfASje gilisfie* Here i » 
^iiliifffi I'dmm. %lm -"tim m4 tim -'iMt^illtm orMt. ai« im tJie 
plan^ oC tlie ectliiitie anil ^M'ilui^  tim ease wta»/fi tiii i^rt ;iii^ 
Hie 0iti4re prc4iii*m km cmiBA%itm4 in twci a<*&tiiM]@* 
in a*'*€fciu« C3*2l tim orMt of tfee aa^Ai i t e i s ^pporfe4 
section (3«3I» ^ ^ r<»sait8 haiff* &eee ^t*»iiH-^ t'ar the €^jse 
i9i»'n the ®ati4in ti*tei^ pluise in %tm cuiiowirial pltJH^ ;.0o4» 
in a i i tlH^ 'j«» caif«» ,^ v-.^  Iiai«? fifgleotedl Uia drag «ff<set» fc&e 
lunar iifid saiar gf^jvitaticmal firiilgig laagtiutic f4^1<ls 
'-ie ahaii asauae timit Um r&Pth^ tim "^ Ki liftdi fclie 
sat@4iit« mi^t a l l ^ t ^ pktmi' &r in© eellfitie Itlujit $3 
a tmQ Mm^miimuxl ^mt&w^m ^ax'th^lP for thr i^ a&e cMf 
sinplicitar* s^^  au^^g a »4a@tii£iiljr e i reuiar ^^1% of ttte 
s t i t e i l i t e umi tilt '-l»i a t X 8 «4» in tlie e l l i p t i c piii»e atidi 
ift ilie dUir«*et4oa e^ ' verual o^uiiKHi. Als^t "^^ iM'glect t t e 
alMiiow a»d tfee r#f l«*cted ruiliittieie 1^ ttoc fartfc* If tfy& 
<)^> 
rt»t«p ^9 tiK-n il>» r-!41ijl ^^ nd trafiav rat' ci»<aiKmt«t8 uf the 
.'^ in sc"et4t»n 42«2)» tlie |M>l.fiiti*;il %n" tint fcijrife « i 
en t-jKiirrftsl poi^t 4a j tvea Ijy 
V as * l l ^ I • ^ * ^ t3 84fr^i-l) • 
• ^ < 1^ J'^ ^SSsin^c - 308111 " W ) J 
V a if U - 4 • ^^ <3a4n^% s4n*^0 - 1) -
.»•* 
- *^^?—4 3^4 i i *« fringe - 3 ^ 4 f f • sAft^'0 • 3) J 
^^ iH'-tor^, tike 6(|ttDUoii{i iif liKitiim ar@ 
1 ^ 
- ~ r 435@4ii'*e s4n^d»3<to4fi*^« sifi^Q^3) • 
7 i^ 
• K cckiM^^H) (3«2.4) 
U v 
• *wS«- laftsifi^s 8411^0 eon 0 -
to t «® tjik" slie If i i t la l GQiMlitiswi im 
t^ ss • i i^ i r ss r^i <i^ #)-^ as iwy r as © * 
1 ^ 
. F *« 
» f * 
a»di j^^n^# 
^ 8 -2X1^ a4iil0-?l«%) • l i f e - . 0 ^ « sin 29^ 
'<€; <..ts«« n o t e ttUi% 
Ttiiong r «r r^ -wa iocs grsiti.t^» 4^ g r t 
b, 
o r 
® nil -> | - I r j 
^5 ss •»? • '^ 46 
4r^  d# • d@ • Si • ™^ 
m t U ^ timse ytaue^ i n e«^uUofi I5«a«l>» i^lrjp4if|r4ilg and 
ta iOi^ n<»te that I j f i i t i s i l j ^ «ss ^ oiiti J ! s d^ «ie 
b o 
2 
^uibatiUit lng tlie value of P^ f r g ^ <><|iaaUon (3*3*5) • 
ge t 
, t4^4 
m ii^ Qoa 2t)4. ^ ^ ' : »4ii'^«l7s4«'^»<siii'*«^»l) 
fff* 
• 3tco3 aai-DlJ* 
U ' ' 9 
- 3 » 
• ^-*i84i#cl21&4ti^d»l4)<i-@4ir«Cfeos a ^ U l l ^ S l 
•**o'*" n 
• l 3 - i - IsAn^e cos 2 ^ 2 l • H 
sa-^f^tj-1^ ) 
^ %.—|J e&mH ft>ff*t) 
4. I „ i ^ * f * ' ^ t ( j | » c m a ^ Ms-cos 2«)s4ii^»»2j 
I n t i l t s ca»c ttl»o, lie lK»ve t^iff^n K oi tJ*' or^Jer of 
20*^9 ami J a 1.65l^l&"^» 0 s 1 0 . ^ 1 0 * ^ an i liav« 4iiailKi04 
teras of 0 (10 ' ^ ) t i iBt i s «e H^i^ iai icn unoiti o f i i r tgp^e 
so lv ing the al»@iv@ 44ff@f«' i i t iai «'i,4ic»t4^Mif t«e ge t 
li as ,-•^  e^ «» 9th iun © ! . • - • »^—i I*. ^ «»4ii^«J • 
ririww«(]iia>>i>r'''"ii.(ilf'i''iii<ri''*'*'»wiiw«iTr^ii'f''f»iiiiiiiw«:fii^i< mrntiiiinni—i—'wjiww 
G 
b u 
4 ^ m III ijfiii i i l i imaJB—«—» l l A r " »i 11 I»»IMIIIII]II i l l m »IIII«|MMII miTii" n n» iimlW'"l^ I 
ir^i^ i - )^ I 4-441-S- H I 
M i%mixr%^Xiem tn* 3^ *^  ,„tte • eos 4€|» 
vslrre A r J ^ II are ccNnst^nnts of 4n^€^rati«ifi« ^pvit^kn^ 
uBVw 
« » • • , M V . , - •jiiiii'ii'W • i»ii I— i l T t ' — ••••III j'.i •ii.i»».ii i i i i iwiiii i i 
o 
Kla«=^ «a- i^ Uin^m , <3 - i - ) 
i jt li^3-lF>''i 
iuW- ) 
iji.<ju f- y^i 
."^idistititiUnig i l ie imliK^s o f A mi$ B« we get 
t i a C {&|l-^ (i-» § ) I 
SNirJJl - i - ) O If l l - i > f - )^i 
i i ^ l ^ t - ) I li o 
. t 4 
35*2 ir^ll-4«il.|^Hi 
, •*•« 
^ 0 r. ^ - t 
X -'•"• '^^ «so«»i<i-§*)a«.|-#J[ j 
b. 
itMOMMMMK 
apr^ 4 1 • f- ) 
^ -•...•..»...i .i..ii*;L.i»«H«^yi.i CT„i.i .11.111,,J.,-. J « • - « , *«»»'••'••' ® J i i i * * f t 6 ( 3 ^ 3 d 
m f J^ ^ i,«. mriTi wmm: ••i..mi»m«Blnri,i »»»''ii«..-«u«»',iMnl,i,>ji«»».««W iiM* 1 JL Mill "iW Iim iilWWllBii M B 
^ 1 ^ 
1C-£^ -MilAfe- - S M A ^ 
o i 
;»yM*W)UWt wag—* imM J'l •.W^y^hlW—WUMWlWI 
| l ^ ^ ^ Hi 1^  
« l3l7&i«'*-JU^)| i4^i CI - I fe l -a^C* <:,09 310 
« J . 1 ^ s i # « cos t 6 ^ ^ ^ ' ^ '^^  
*5 '^ *'J 
m (-coi 4i^3il coe 2#«» **• ^ '-f^'M 
31^ 
H 8 8 H'llmiiMI I """ '—iS i -g^oJOi^y «4liiii»n«'i«l Wfm 
KJa' ' I t i!« ^ I siR^'e-i I 
h » 
e a """^  '—gf—r-- =*Tri—rr" 
tlKm eiitiaticm l3»2*6) can (be wri t ten toi 
It S3 Q^titUtt 6 eon @) • a oosie - M*%) 
Now taking inta accouM ttiat ^ « I9 e<i|ttati<ifi (3*2*7) 
«ciy IH! written a« 
• i^co«ie^H) l 43.2.8) 
•2isiii^«»3)^ 1 ' — - ' ain'** • •-•*'^  • ^"•*"" 'g^BTi 
»S |«2 2i | 
S v / 
«3 
0 
« 30 cos 29)- « » ' tin t (3stiir'»>l) 
- - - - U 
.n^m;^aitiM.n 
Also 
N« ^ ai«r^ 
1^^ as - ~ « . gr • *^t^48ii<^»-i). fr 
FUrtlier equation (3«2*8) Can be wrtu^i in tbe fom 
m St c 4- fiein €be<»B d)^jC08(3»-M*t) 
4> K. COS 2(e»i^*t) • f r M^|*?>Nj)cos e 
4> X c^oi»( d-ri*tM l^coai di«*t> I 17*2.9) 
H ma;y be noted tliat ttie last tern to eciuetlcm 
If* ijmZmfi is the doialnasit term as ^ « 1 . 
Since we wish to exoaine the behavlottr of perigee 
and apogee, tide aaxifao or {«iniaB oocwrs wfe^ n J^ » 0* 
^s lee t ing t ^ torcfc^  vMi&h are INiinicted anti periodic and 
also t£dcing into aceoisit g- « 1 » nve fiiMl an approxifnite 
solution m 
<1^,'^) sift N*t 
tan 0 ss *|^ ^ ^^•Xg) cos # t 
ss -C^^ cot ^ ( \*H - " ^ ^ 
where 
s -p cot ^ <3.2.iO) 
U. -X ) 
Now* using s in 9 s i a vte have 
o 
Here, i t i s to he noted that p depends upon (^lateness and 
/3 i s a SRiEtll <|uantity (0 « ! ) • 
iilc may aJbec note that wher. t = 0 d = 0 and when 
t s T (T i s the period of the ^in)* Q = ir. This means 
t lwt with each revolution c€ the Sun* the change in the 
direction uf the bpse l ine i s of the araotmt 189°. Further 
we ci^eerve that ^ « 1 and i t depends upon the ohXateness 
factor» Aisa whEjxJ^5s^il,^4jsJl^Mld_thejrefore p = 1» the 
solution <3»2.10) bt:coiaes 0 = nar • w/2 • ^^ • This 
confinsB the finilings of Levin i l 9 6 8 ) . 
Also* from equaticKi (3 .2 .10)* we obtain 
H s= 1^ U + ^ c o a N ' t i (3 .2 .11) 
lYhen ohlateness i s not takt'n into account* we note 
fro© equation (3»2.11} ^ =s J - * a constant quantity 
and the change in Uie direction of apse l ine i s through 
< J 
an m%\% Ui ISd^ ^ t l ^ ^a&^ e@^lc te rfvoiutt ici f i ^ tim stm 
In ItB CNTJ t^* i l l tM^' m^0^i^ cmtw when fst^l&ttsG/emm MM 
taken i n t o seaoi8ife» «?ipeii t f t m i ^ | ^ Is a^ 1 « ^ € T a fViM 
^OQ^tUty* |P*"tt w8 li^v© i^en t l ^ t « i i th each rt-v -flutiwn «M* 
3Si^ IT 
* H i P * jQh 
» {4Jls4a^«*adle^ ^ l l ^ # Bi,m^ ^  I 
( • . 
^ .ii ..fAa„i |-24i5o«%'>»^ sin n U sin W^%^*X 
II i64» ^ ^ • f sin ^ t eott ^ ^ I A ttt^^^i 
• 3«4» ^ ain K«t) J» - — f t \$ 64fi'*'K*«««4ls Is ' t i 
IIP 
- -^^  '^*i?""* ili->a(e^^t<i*^^ sli» HH sin 3iiH) [ 
60r5 
« cot ^ <i-^ siir^  ^ )- ^ [^ CI- I 84ir'«) # 
6fi *i 
( O 
m i9M»*n**''9fhiln^^l$}eQm ^ ih'fi s i i^ ^ ) 
- ^ 8411 RH sAii sriH)*! •ao*^ 8#is^Vt,-co8 i«*t;| -
I * § * 
^ 4M...J4 J < 
» ls4« ^ • 3# cos ^ ato ^ tens " ^ ^ * 
• **^-^ * I sfw'^Dcm- ^ siB ^ • *tf|*^ ' 
• I Bin i^»t COS ^ ^ IJJU 
( u 
- f l ' ^ ^ «»s !^ H • £ ^^^ ^m ^ J 
Flirtli<f.'r i t cnu ^ « r i t u i i a« 
l i ice X < i i r , > 0 fo i* o i l vat«*rjB of «. t x q e i * wl^« 
le « «e» ^ ^ ss 4 « r ^ * Xa thfj^c» satire fj^ K 0* TliAs ^ a i i s 
tDat tbe per4#t'e tUaianoe l a f i i r t ^ r ilear^assaiS due M» 
c^Mat^^neytt. l ioretiv^r r,. Is u j*i»rictio«i -j«' t i n e . f l« ' j 4 \ atc-st 
value As M ' *®r " w*»i«ft 4s attu4fi£!fi «tf t e r a coiapiete fevols i -
t i o n of tito ^^tti 4*e« ^itiea ;«*t s: 39* I t i t ^ ^QQmA r w u i i i t 4 a n 
the v%*2iic of r^  attjrfes deereasins^ ai*! i t r>f*eofjEj« m^ra a f t ^ r 
t i le C{»i^4etitig ilifc' second rev^ l t t t io f i 4*«*« %li£*» I4*t ss 4t>W 
t t e te i% fg ijite to sa l f i r ra<ilat i .»i pre»«3ttr« 4iKl4@i»t@0 tbd t 
f . 
the piVksee <tlBtaiice 4s 4»^r&meA ana i t s greatest vulitte 
i s C 3iU< )^A) | r wMch %B 8ttaifie><t af ter | rcvoluuoo of 
the 'iiiR* Both r^ and r^ are prricMlic ninetions with 
period T ami 3T respectively* Thas t^ 3<^ that t h t 
effects v€ staving source s^ed th^ ohlatdfiess of Oie t:arth 
arc ti? chua(ge tiif llsiecr' -ieat^ y of p<'rt#ae into a s r r i ^ l i c 
fluettiaUwri. 
ili© al>€jv© Pt&ultii ta l ly mkUi iMme vmt ix^vifi «siw?e 
• •hen U*B soiree i s tukoii fi3i**Uit l*evin prov«Nl ti»it 
the 'y^rkg/e^e %B fi^ ced a t - a / s , Sw^  the AiMJla-iitMi <rf 43N&iet©-
iiess resol ts ii» the ahif titig «^ {x rigee f roi» »ii/z to m^o 
I a .i«|ii'i)tl» «p««ii i3bi^ iter»'i*si «jf the r(F»rth) anJ to titeerease 
fiirthc^r the perigee disti^oee H^T to inoi^es^ei the fi|M^« 
Oistiinc^* I t hi^ heer* ciisv*r% ,^iS wito^ v Uuu.^ t&he chfihg^ ^ 
•dtirectiaB of the ap^e l ine jyt no Icui^r a fix^di qticai^ity* 
yet l^e h»v^ s^ e^a- tliat. nkUi t aoh n^vali. u4y« a»" Ute ^^ tm* the 
change in thi^ 4ireNstia» uf the &pm litie i s of tha &mixe^ 
moP» "•e »i3o «34i8eivts iliJ-t the irwsluiimai^  ar lal^fiteneMi 
with sisving source i s to chaise the" l inear <See£^  of perise@ 
in to periu'Jie fiij«t*r.tic»ii8 unci tliat th*-* perigee Oistanee 
i s further «Nicirt^ 8e<t SMS a roMilt i^ <3l»loteneas* The tenaa 
1 * 
/ o 

(.> 
e & i i p t i c pX'&xm- dlut" t a the- f?ff^ c t oi' ot>iatem*sa or %.\m 
Kepit ' r ia i i t^lt-^tarnts only titot* fcy tolls' «>teJUsfcent.'ss of the 
fcartlu itiej ntijactt two chaptrpa wAil t^- f f i t l r t - l y at-vott^d .'->« 
ttoe* © r f f c t of ' -art l i oblaf^nt's« oil tln^ jaotitm of a 
s a t e l l i t e * 
I n one t*r l i i ; i pAwrm •:lrfeatar4»v (1944) ca iey la t f 'd 
ti lt ' iK-rturbatiof is af flvigpfita Qrn«»jir-KSl,ro«ler to i r t l i 
s a t ^ t i i t p (sr^ i ts dto* to oblateneivg «f U*E* i ar t f t * f^utrtt* r 
t i^ culctii«it^''d ti lt ' {s%>orai.iiMitt'a} of tlw^ s a t e l l i t e and i t s 
P'rturtK^dl topocentr ie euorOifiiitc^a tiy tatcinii i n t o i^ ccsaiyHit 
oaly tlic f i i ^ t {KKHr of e c ^ t t t r i c i t ^ * i i i t M « ali&pter« 
we are .--^iUtiityii^ ti lt ' y&Kn^ pa^hlvm biy tak ing 4t»ta utxcniat 
t i r ©c«3fntri«Aiaf t i i^o tlw riec<jo<i pOb%er» Tlie ^ i ^ i « clfenptrr 
i s d iv ided ifit«> two pa r t s . F i r s t p&trt Oeuls w i t i i t l ^ 
f i r s t p<»%«r o f fcartli i^latetii 'sgi fewa i i i i to a^^cuiia potser m* 
eoeigfitrjyeity* ^ecwnd par t i ^a la w i t h tite- ^ceiwa potwr <:^  
.<>artii o^latt^n&i^s and upto .^ i««£(Mi4 pcn-^ t^ r ^ {?oc«^ntr4city« 
o 
Ti r p r ^ l e m in tM' rim% p^trt h&s t iem «l4iriae«l i n t o 
s i x etiapl^r»« In ae^eu^m C4«3)« tliP d i f f e r e n t i a l e^uteir* 
@r*^  flescril itcU I n mectx^m l4>*5)« tin* 4is«uri»4lis ftSMSticjis 
i a t,jii;^i:ideil »^«> Uie t l i i r d gmmr or f'ecentrrAtfitjr, o^aie 
i n »eat44>fi 44*4J« tto@ fN. rtstn iKitttme of t M otrtoitaii ei<c:^iitB 
i»r t i r 8a<fcfifilit.e ar«i caJLtaalal^ 4« a i»,''tiiai tm- tJb0 <let.€i^ 
i i im t i i i j n ui y ^ cy)i^t®ni*a i i i g iven i n secucm I4 *$ l ond 
A» vbe m x t a*fct*<i*i (4*6>, a^o«en<;ric salyeiiiMJ eoorti i i iQtes 
iind c<if r^eUon» <if t iK toftoo^ntr ie s a t e l l i t e o<M>rilinatos 
&r& «^ter@lne4» r\ nwa^r ica l prddiem i d st»di<Nt i n tim 
i£t9t sc^etiiin i4«7)« 
tlie seccind |»urt i£i ctiviaea inu> f i v e s c c t i t ^ s * i n 
8 i ' «u<^ l4«Si« tine «liffcfr«*«ti4*l »(^mtiim» of laaticm l o r 
f i f K i i s ^ the K^tkl t-r i i^ t^l^^mntd um (J^Aeriirea* i n »€<3tiDfi 
i4«SI>)« I'M tecltt^iqfoe of t i i ^ f-jcpt«'iisiijt) ui ' tl^c ^d t ^ r i i l a tg 
f unc t i on 111*0 tM^ tMr4 p«j®er of e s c c n t r i c i ^ i s j i v t a , 
wt i t le i n a tc t iy® I4«10 l , t l ie jp»€-ruurt3tetiaii8 o f c u b i t a l 
s^lf'iac'nts c f t l i i ' sat<*ilitc* are c;ilmMl^tM4m A lat^ t^^ gi^  f ^ r 
Uip 4rtereji ixJticjn of «»* c«m@tants i s giv^^n i n - ^e t ie i i 
( 4 * i l l i*i«S i n i l ie n^ ^^ jit »<rctii»fi i4* l3>« ge^kcentrlc s © t e i l i t ® 
CiKJf'aniB tes an4 c&t'reetiofis ^ tim i«>ip«>*Jf n tp ie a a t e u l t r 
CtjK>i-dAfWt«*« af^ ^tCi-«:U.nt'4» 
alerarnAs d.e^i , ia^» Iss mS$ imd • ore g i v r n ^ I St^rae^ifSG) 
6^ 
lU^ „ ,„. ..fta^f 4 M ^ 
m ^ «a. # ^ <^ff,i/a.n. ^ ^ t.i^ksr'i.» 
Lj..iinfci J S ^ 
4*ber« « 4^ tlie ©rail ®»Ut«i raKi i< i s tfce dlai t t i fb i i lg fiiacK 
Uon* Xt Buy &<' notedl t l i a t u® ^ octatrs m tlws Oeoc^dliMitQr 
» i i f^ e 43 v r f y s^ ia i i * Til ls f U f r i o l i t g ^ i s ayrret^^es ^ 
1^ ss • • f » l t - £^ 
£ | M S 
-e ulBQ notfi ttiut 
^ a eoe • 2 | * *^  ***** * * S i4»aU4) 
e teoe ti vie m*t 
•|^ » <? ' g CO® ai • e | s stAn « 
*f » | j < » - a 
as -^t 
Si^ m t la in^ ^i^iijU«»i I 4«2* l ) * «»«|ifcU'mj t4#2«3l a " * 14«2«4) 
8 o 
*''''' S8 ^*S.^n 49 till mTMm>JL Jjp^ ai» SXli IB " HT > wTI?^  JL n A i» <yg <|r 
« 9 - ^ « 
• < Qtm ml 
idic^^jEa f i . dJefiLsi:! « ,., ft | l « 
aa'/< i-h-^-r* ) £ * *^  ' ^ • l " ss e^) 
isfki 
Ba'^e 
« ' • " • « Ml* 
1 • Z*-^*^ tm" 
«• «.' $»4{l wi 
aa* /l*-€t^') 
• i^^i=^-i # • 
Vm'^e 
« n.,.«Sf*^ '1g 4.,,,, ^ I 
SS 
>«» ktlwo fiM 
6 , 
afxt 
S ^ 
wMUpiM»9lL*Pi «aMaiMPwMpiMw 
and finail j^ 
aaVil-e'^l 
1 • /«!-«*-> Ps*^  ** ttB^f/|l-e^) 
bcJ 
« 
2^ M fftf A J i 
4t oa «E^ 
•JhniHWMaiiMM 
mi 
t^ „ ^.J^3«^..i , . J I 
11 J- .^ Sf^ -A • , I I # « a H # # -
^ ^iiblc**JUL. . «JL ( i i 4^# 1 ^ ). 
Fi»r e t f t S i l a r c i r l i i t s c c: O s s ^ t i s: I s O* ana Hm «s&KMf« 
e^^UtJCei tikiti- Uie farms 
^ ^ mi 1 ^ 
4% UQJ • • 
ft X 411k. ;* hSi * 
4k 
'ttie P0t#i»t4;ijt w^ - UMT i ^ rd i at an rxu^mai point 4g> 
apiveti t9 <Pr<»^ iGor4» alia natr.*kcw9 i9(M} 
6 
IK*re the dir^turMn^ function H to tfee tltut pmw*rF wC fctie 
f la t te r ing i» «5AV' n by 
3 ^ ^ 
«^hc!re f i s Uie gravitational Cimat^nt* fa tti>' ea^as of tltp> 
r^rtfi* r t J r rii«lt«9 vector uf the- sai t t ' l i t fn a* tfe«* 
f qi&jtoriul rcKlias af tJii? idirtily • the ttceli»iU«^ of the 
Sti tel l i te and ^ a Cj«.->tafit <1l<*praJ«-*rit on UIK' oftjlat^'nesa c# 
ttK tiarth, 
prnwE'T aerit'a in urtsm »f tlie siJetli pmfp-r of ece^-ntricitar 
l^t :%. nps^&en% terms «if u eotit uii4iii|f ^c««ntr4city uf 
tke i t i i dkaree. TtRii 
h^ » ' J j r f i i i ^ t l ^ l sinr-iX I ©**• I e-^  «ja« 26S) • 
g 3 
« | Z e-^eosi^^^i^ J 
b.j 
i =s "I J fa ^ 4*» I BUt^^Ai i ^ e^coti m ^ ^^ n 
& 
* COS 3iaj • i ^ fti ^^ s4n' iC 4 | «"^ e«»a<J^ 2«0 • 
• 1 ^ e^cofll 5^ %2«) J, 
I n order to caieuii*!^ a.» i«.^  iind i i . i n vjr«» €tf nf»i» 
s e (cos X «06 M • Bin % » in «i»J 
8 I com % •¥ h 34» X 
«^ e«M m 8 4 If^'tt^leos : ^ • 3IN s in aX 
e*^eosi4^3«l u I r-»it ) ^ 4X • 2^( s in 4lw 
6.J 
©^coa ^ ss «« I «o« M n s i l l 1t^  M l l^^h^ l l T. crm Mh min %A 
f« c^@£i4M-a«$ a ( I cos lM>li a4n X) i r^~lr ) • 
4- abH I din X •* fc eos V) 
«4j^  ss JfaC ^ ><4- 5 sin'-4)< 3 • I coa X^li s i n X) 4. 
• J r « l **--- }s»4li ^44- 4 i cos X 4' " ^ ^ » X • 
^ J coji ax # ^ i •'^^ 5X • 7 l i s i n 3^) 
r^ ss -* J f a ^ 4*-. I »Aii i ) £ I i l r ^ l - ) * | I r - fe f ) tc 
m cos :3M>9iil s i n 2 X > * J^  f a ^ sjAn'il » 
a 
K w i J tm^ (h-i s*iir4) I 5P 11 co« X^h sAfi X) 
3 5 a-^  * * 
.t«i 
- ? 4 i^4*^)C I co» K • li Hin K) J • I J fa ^ « 
£»ifi'^ 4i ^ U r -4r M I C09 \ • fe sin Xi ^ 
• afeU I s i« X • H e<r> X} J • ^ t l-^lt* H I e«3 X • 
• h tiin X) - ^ J I V h r )l l ;:of. :5X • li .^ 4n ^ ) • 
• ^ i * r - 3 a t }et,5 !pMf.C3fej -h )f,Aii P^iJ 
in orii^-r t a e^limiatc xtv p^'rt«rfest4«tt» of the ciHrtJitrQJI 
iMt the *U3t«rJ>4nef fuissuu«» aAl.li I'^ iJi^ 'vefc to e*.el» -^4«*«Hstr sud 
^ ss - ^ JT f& f-^  {Cif "3 iiAii""A>»*& s ia %¥h ca« X) ^ 
••• ®ln'44 4 t, in X • 4 h tt«ja h • -in 2X • f*" I 
b 
» (U« I 3in^4>|»3( l^-lr^)84ii 2l^i;iiMcoa a^i 
4 f sj - '^ Hia i^ Jfta^ Cl* I I cos lw • 
^ I It sin K - eo» aOk «» I I cos 3^ • | ii ain 3^ 4^  
t -j , f9tn, 4 g4fl 4.,. j f j , lU^ C 4 1 s in K • 4 fe cos X -
« r I aiii Sk • ^ ft cos jB^  • &ln Tiki <# 
^ «-.Sm-4-^^a-A-. I j f n a l^ (<-541ft COS 4lw -
• 4S«i cos 4X| 
• 5 J «o» lO^m @4« a!k • ^ U eos X • fe sla Xl'^  
M, 
» ^Ov ^ " ^ ^ 5 ^ <5^^ ^ • hQ»% lV*."i Ife ' J 4 P \ 5 J 
- S I '>i«^  ^ • 1 '^^^^ 5^ • 17 * *^03 4M l^7h » 
n fi^3 ^w*.2Mi ' . i l l , l X | i - « - » 
l * / t l ~ l i r - j ) 
M i - l a ln \*JN c m XWaifTli 4 • "4«^ 1w • 
::K. 
• 3l i C0, ^k«>3t 3 i « Sft*. ^ 4 I COS W h iU i i Iwi' 
» ®4« \ - 5 ^ 42111 caa lw»5tr'3in M-l* s3Aff» \ i j 
• i t • 3H /^Ai-i > • f ^ S-2 4fo c-i 5>^t l - f t - 3 i i i 55 
m l i * * " I U r r ' A J t - l &-ri \^h 2K\ "ki • 
• ^ I #in ^ 1 ^ ^ cas 3»^ ) j • fe co^^'i » 
^ •'" '^••^' * ' • ' - - J f a ^ « - - C - 1 - 1 & COS X - f t i 
li 
4% ^ - - ^ Jftai ^ ^ * * - 2 ^'*** ^^ ^**^* ' ^ ^ ' ^^ ' ^ ^^^ ^ HB 
• I iftr*l ) • I i r-fef )«os 21ta*9tol s i n 2!Kj • 
i » ^ " * * 
• ^ c:iit: 2K • 7 ! cost 5Jw • 4 h .i4i? 3^ " 
» i i*^ I «IP» I s4it A) In 34fi lw»l eaa K*3t I? •Ir in 
6 
• 94 I'Hb" leos a3w m>iaiti -iltt Jk j • 
K I 4 t» sAn X • 4 I COB X#> T I <J05 3IM^ ? I» tiiss S^ 
18 Cd3 ^ j - •• • ' • ^^«»—--^ J^sl j - I ••  ( • • f i x 
m eaa X » J i^ i ->ir. X 4- w'<; i ifju- ^ I cos 3^, ^^  
lUJ 
• | a nAf* > *. I 4r« • ! /•to'161'^HJlf iii^*-^ ^ -
s^ f %$ tM ^ 
1 1 
• J ^^ --- «4n 4 1 - 1 'ft • ! i 
a 
#««•=* IHb. • 
• f ^ S"-** -'*S*^ 41k#l?hl . i f i 4KJ. 
iK; 
- ^ 34IJ 23w - I I -Mn Sh^ ^ li coij 3lwJ -
- J( 1 ^ )-coa 4Cat ? •IT Jut* ^ 1 3 r - i l r ) 8 4 n 21^ 
- ^ t»l ^'i^'j : ^ - | 2 < I ' - l f lair* 4>, 4. 
• 4^ t i l io** 4l>fci' 
S4 9 4 i n i Qi^ I $i 4-- ) ' C - l CO® l^h 9An K • 
• cue *1i*#. 4 I c * ' 1 ^ ? i^  i*ln J^J • 
ail » J i i^^ I l i - Sj ^ i r f i ) i a r i ^ *^ * i i l i * I I An 23^  -
- ^ » «uti aiwj« 4 i * a " l^aAf^JllaAfi lb - ? sAo 3^ 
• 5 t s i n 29^.^ ca*i 2*»» ^ I e^ Ai4 ^iM- J * b ««:i 41bJ 
- "I i4r.''i? I ^ ilr**l ')*' i»-» Is* ^ hi Q0B \ • 
'J. 
'f I aln 5K) - J * e&& X#. J - ai« i ^ | h i cos 3^ 
• ^ Jl 1^ ) Mn l U t s i n k*-4Xi(5»'4.|y')s4n %, 
• aiti coid 3k|#'169iC F '•tv i£»in 5k^a2h co^ ^kU^ 
Ml a Ji( ^ ) Mi- ^ Mrr 4) C-lint^cos k#> J i cos 3k •¥ 
• r li »4n : |ki- 4 Ji ^ >"'s4fi"iC*^ Ofe» k -
- ? eim yi^^h 34fi 2^ - 5* i C0;i 4!k -
- 1 ^ 34n 4Wi COB 2ki»Ji | - }*cor"ii-tmt • 
• I 3411 a9^ >> I Jf ^ }Hlm ^ iUir 4) Clr*2r)oo3 k 
• I cos :PW)- |r'c03 k* I 81 s4» ki> I r'c<»© 3k 
'.UJ 
Tk 
•J 
• I 111 c»in 3».]|. I Ji ^ ) coiT ACSIT CO*: x -
- 7 lib ;i4fi X ••- 4 !tt -Jin 3^ - ^ tr'aoa ^ J • 
• -^Jd^  X It^'^f-tum-X • ant ^in^} • 
- 1^ lam «i« X -i5ti • r ) ^ ^ xU -
•i3ii'*i'")e<*s 5)^  1*1.6912 III 5iAf» 3*k • 
all *^ )* t l^ I sAfT 41 |fit# | 3 t iUn X -
• J* h Qm XhW ^ )''s4ir^il* U h cos X • 
" i f * ^^ " ^  * ^ ^ "^^^ ^ * TO ^  *^'* ^ ^ ^ 
• I S4R ^ i • jri | - ) G3@ i{m4> I I sin ifc -
• ^ b CQB X • ^ sAn 2K. <-> ^ I .An 5K. • J li coa 1^  
• ^1 f^  ) * I - I SAO A) I I <tf +1->iit • 
• ^ i r - b }aAii 3S^  - 1^ ill eoij 2fc^ ) • 
'.KJ 
• Jft J - I-..Alt "41- 1^ iU'-tl )^Ui Ih. • 
- 1^ fel coa 2K - ^ M r -ly )»An /»K • 
• 4 * % c«*a <^ i 
9a » J i ?"*• )£»iO'i ueu ^ 
i f i =5 -jr( J - ) eo3 4<iii>. I ssifi 2K) 
aAn 4 eot» 4 'ICM-J 2K 
m Si n ^ )'H4~ I 44:1- 4)Mi. Ifc - I J l 1^ )-' 
i l J- J l ^ ) - '< l * ^ »4fi 4}e«a 1^  • 4 *i< f ^ >'• 
M 04 i r4 i ea3 ^ '*' 3 <3^ 3 3^1 
«lb^ « aJfl f " / ' i l ^ ^  H4 i i -4 la i * I •?< f - )~~*4ii i : -4K3^ 
l u 
i:» ss I . •Sw • ,' 
i* u o o 
ithtro a^*^j» ^^^•'g* \j*'-3» ^'o* V *<j*V ^o'^'*"^^ "*^ *^*^  
Hiss cai»ia«t-3 -jr int^ gratA >n, .h* r^ - .%i-% i .• la f^w rds-ttwas 
C. ^ - * » « ) t r . t 
l* 
h ) — 
:^ =s - i d i 4 ^ ^ 
'5 " -^**^%-t, 
-6 — 1 4 s £ J b a ' t ^ t « 
rhf^n, m' obtain 
a ss &>jl»i.8j » i$&i 
trz %, O 
i^*U4 - i n i ^ ^ ^ j 
• j 
\i^^^imi.M^j, J 
»!> 
?lr>'.tt t ' 4 i J t i y tc e. ?.;t'i.jte X, f *'#4ll follow 
the pruci dwrt* nn fji'T* n fey 4 -t*s buturevt If &4i • -«* h^^ve 
lu.,. 
% 
J 
a 
a o o 
\ r: %J^JU'tJ-^AJ% f " ) ' C I - ^ aAfi ' t^ i i^t* 4 ^ I sin % 
• ' l l | - i * ' t l - I 9411" 4 i i I III-4'4 nfe* ^ i l- '- l l i.'AB 5PW 
is u « 
K b<-t4 * b 'R t» 4 »;U<1 **3 i l l J i b 3*t - f ^ I I I 
e 
- 2 J * f ^ i ^ ^ * * - I idir. 4)t I C06 1w4i r i^o )wi 
li)<J 
* ** ^aT '^^^' i < - 2 I <iOB % ^ "^ h -lin V N : O S ^ 
• I I eoi? 3X • I ti s*4n I^w)* i 3 ^ «*• | airr 4) 
« I I t I -tr )eo« m^h% sifi aiKi* J \ " ain 4 
» Bio 49^  I Jut 
K sin X - | 5 fe caa lwii.3JI ^ i-air»' i t - | | ^ coa *k 
- ^ I am \ •» M li cos ^ "^  72 ^ "^^^ ^ * 
• I Jin 2Ki*J( f- I CO'J-ACiit* I J ain X -
• JC ^ i l l - I ^Ufi 4) I I 4fcf • t )f^ • 
• ^ r - l r ) a l i i 2Sw - 1 ^ » c<*d 2Xj • 
• Jf« ^ )"»4ir 4C- 1 ^ Cfe f ' ^ r ls in ;Uw • 
l i 
- 3J< f - >' U « ^ s4r»' 4i4 I SAO l»»-li c*»i, M -
• 2 * S " /"-'jr fesiit 4 i - I I. BAH k - ^ t i cyy X • 
• ^ win ^ 4> J I sin 5»^  - J H cos 5^1 -
- ^* §^ 1 1 1 - I alrr 4) I I 4 r - h )a4ii 21b -
- I I I I aoa aJb - I J ( f ^ )' a m A t - ^ t r * r ) s 4 f i 29^  
4> 1 ^ t r ^ - l r - ) s l n 4X - y ^ 111 coa 42^J 
F4Jiail,y 
lb s K ^ * « i ^ i t p i t ^ J * ^ l | - ) %4)- ^ tiJkft 4 l iU4> ^ l r 4 > S I j 
n l i t * 7 I aAfi lb - 7 fe caa > * T i t - i» JaAfi 2^ 
- I ^ cue ^J»^3J( ^ ^ s4n '4C- 1 ^ H e<*» X • 
• I C l t ^ * r ) 3 4 » aVfr ^ < I - I r J04» 4Jb- I j ^ n i eo© 4H 
l ( J O 
- I h c.*o ^ *- 2 '•^ -^ *^  " \ ' -'^ *^  ^ ^ 
• ^ III C<te 4 K J 
wht^rir «-i iJm r i ,< l i t fund -itl*. wc ts v f dr^^ppf >>^  tt»^ ina^'x i l l ) 
c o i c u i u t e ttw* 1^ ri*iiHbC'«i i|cy:'^'ntrAc r«'Ctt»iM«i'*r Ci^»ra4»ii»t«.'3 
x « r casj U CQ& U « r s i n l i .»lii it cos* 4 
tt » ^ • a i I M4n Iw-h COS X ) ^ J< i r ' - i r ' ) a i n 2X 
r s U i - I . ,>J:I; K- l i •>«*« >.)4-il ^ * ^ | ^ • ^ ^ t t „ 
X cm. 2K «- i l l iiAii ai^) 
I h o 
II ss V 4 ^ i»herr v is* the tfut? fiiiuiy.,l3f. 
But 4 im»rt, 1977) 
K S£ M • w 
4 
%^3^ i.4«i t^* • 2 *^  j»4ri 2M 4- • • , 
2< I 34rs %» b cos K} 
5 |k ' 's i f» 2M Si 2 ' ' ' ^ * ^ ' * 42l^^«# 
// 4 
afKi Id l ing 
I. Es lite sill M • f- sin 2 ^ . . # l 
l ( i 
2 
« ^ ^ U'-*2**9^ a2W2«y i 
35 a [ ^ " t ^ • "* S* '^ COS ^ •» h i sAfi ak j 
TIr ti»pQCf'ntr4c s a t e l l i t e C4>or44m>tt's x*#y' .4ul s* 
iito&f^ever given ibgr 
JC rs >; COS fF* a<i3 »» 
T ss <- c ^ v' bin 8 , 
?. t5 ••3iri <^ *# 
1U o 
• a< t S4« V»n cas \)dk • ^ | 4 h ' - * r ' M f - h i 
X cos 2K^2Dl s^n ai^i*.^;it^ti i^ KVl • i l&f^hOfei 
• ^ I w*i*n?^j 4u :asw - ^ < ntjt.:iaiioos 2V # 
ct»ii3<Uiiitly sJiiHCt€»d t o the tiHjt^rUAnn nti^H' of thts sate l l i te? 
y* =s r £»iti y ctm i -Y ), <4»6*4I 
1 u:; 
where 
X xs >' eosj <?'cost a-i^) 
y s u cos 9*Aini&»t4 (4«6«5) 
t =s u Bin If* 
£yc* s AP COS y • r aAiw IM » a^ Jt 
^ ' s: iGkr 0 in 17 cos l»*>r cau U am A &S13 
i^z* a a r aA« U Bxn i • r Qoa IJ s i n i f j i 
• r s i n U cas 4 M - AS • 
^X sr ?: c<jg ^» ...inC-»-fl)Al^ as m i 
^ . s: 0 ' 
11 .; 
X ah • I J * * I ^4« X-b cas X) - ^ " I 11^21 
M COB Xt.2h s i n XI teX-Vd>f# * p I C l i f • r ) -
- h sin 2X)- I . -"^' -7 i I tiin Mf*h cos 3X/ |&W 
• I ^ Cbi-ti cm ^ w - l d in 2X)* | . ^^"'£ I I I s i B S ^ 
• I CM 2X) h h • [ ^ |1 f - t r ) »in 21^2111 aos aXi 
fl^* ss ^ 1 - 1 c«Mi X»li 34n Xiaii • 4 I * COS X -2st ^iiaX 
• i ^ H air* X- l i coes Xi*x ctis i i l ^ 3 l cos X 
4* ail s i n X)|a9k^ s^^i^JgUi • I f l i i i <•>! i * 
- i I - b )eos 2 X - ^ i d i f i 2XiCk« • ! ^ C>*1 eo9 ^ 
« ! i s^iii ^ ) # I % cos 41 I can ^)^<^ co^ 29^ ) l & l 
I j 
• I ^ ih^h co^ 21^1 =*iii ^ ) -» I X ««>;* i i h ®i« ^ 
• J « cos i l l r - f r )CO« 29M>2ili sJlii 2(KiiCilb# 
Aa* ss ^ S i - i o<m V^li ;iin X)AJI -4 S^ cos \ - ^ air* i w 
sAr» K)AM ^ «AR 1^2JI Bin 4 cue K)Ali • 
• I ^ i I s in %»h cos Kl-wc «4n i t ^ 2 1 am V • 
•*4iv-ru 
• Ji Bin S9bM ^ X >u» i l ( &4r!t 2^»li cas 3k) |!!k) 
4> I ^ ili^to coa aw-1 i l n aiwi^ | 3w y^n 44ti s i n 3 . 
# ^ c o j ^ ^ »;ai • I ^ |J | - - h JJi.i; ^ 
• a l i^ Ca* i ^ l # T ^ .4£3 i | t r-hf'lCCHJ 3^ 
jc s r Qim u 
« s: r o4{l U s in i 
11 
are th*- ^oc€»niric satif i l i t* ' c-^ -or'«Ui*4tP's in a Eati^ing cuordi-
naW astau-nu 'Jin- vakWB af r ami » can bt' @»ibfeit4tat^ '«i ti^ 
those An v<|«iiiUofi t4«l)*^)« 
sz k" I c JH X '•' h s i n X 
B as & HAii \ ~ h c s - X 
C «: 14^ 2% con k • 2il can \ 
"t" S..<lt€ 
Tiw« 
K i i <J441 4h '^ h :'.xm a\} fca • i ^ *ti*ti ei*3 Hk 
li 
&Sf* » j ^ ^ - t Jj* co£j V»3x *An \ cos i ) 4 t • 
I ^ air* X • 2JE eas K cofi A)£^ • < ^ • 
• I ^ < V»l COS a»*»to ain ^)4- ^ X co^ i ( I . an ^ 
• h CO, ^ ) k i i • I ^ i f e ^ eoii m>0-'i .'All 2Jt)' 
r ^ 
w w 
- I iU« aSJfcJ • ^ « .-^ iP i4ti s in 2WI coe a!K) jafe 4> 
II 
• a<li • JiA i* • |y< i r - l c«a 2iw«^ am 2X1 • 
A « ' =s * 6a - <S5 CO© X - ^ i-ati A t a n M A * • 
li. 
• "I X sUn 11 I Sin 2 -^11 cctei aX) { £kl •»• 
«• imnjt nour i^ *|>li<c5e G!K by t l i r (flsarrt^ctisaa £A>Q» C- then 
havt* 
o r 
^ « ^ ^ • A n . t 
s^Uw 5s £Sk ** 2 • a ^^** ' 
^ » « * » - a • ^ " 1 *> t ^ • * * CUP I. • ^ ; ; | - | y s4R ^ ) ^ l 
« «x s in X - ^ ^ y ca^ K ) ^ - ^ ^ ^ ^ -
- wf* • ixt fr-i C03 iaw-ii sift 21^ )- I • ^ : ^^ « 
X 1 I -.in 2V-li cc:fe3 :|1^H ^ l • M I H ' I I COO aJw -
- i Jin 3lk}* I • -•^"•'1 <Ii Mn m^l cm 2Jw) J a&. 
i ^ * =: <y» '5 rai cc^ 4 , t j $® - <y CO0 \ - 2 x » i n X coo I.M1 
<• (jf s i n i M ^ ^ COB lb COS i)^4ti»>j( cotif I £tlk • • i& l^ 
11 
Aa* » <a - "3 r»x s in 4«t) f* -4« cos V«2x s in 4 ^an \ ) A 1 
- I s Bin ?Mh22i sift i ;-^ t>;' X}j(Mi • K »4II 4 ^^,. •3?i^ 
• Imi »»t c;js 21W-II aifi aiw)* | « 34o 41 I uln 'JK 
• h cc^ 2X) i 1^ 1 • I s i ^ b cots 2lw-l Hin ^ ) • 
• X H4H 41 b 3An 2lfc • I cos 2Pi^ ) I Hiim 
It tt»s* i2i»^»rf'Ct4un3 of tUD c>rt>4tal *•  ii'u»«. nta Au» &!» 
ati* AJf% ^4 af¥l i^^ «a»a *.fjf g% 0c*.*ntr4c Ci>ardii"K,tc'S Xny .ami 
s i n u «iKiv4ng c<K>r(J4rMit«? ayslicm are lo'ioivfi* tli»^n t'-c i^QUcjliii 
C4«6«9} t3411 g4v«.* as tiK- <eari?«'et4o«B of t-opac^"n'vric 
r»*ct*inj|»4ur Bt^tfHlw c-jQriiinj.w&m anee ui* the* r« s t i l t s 
i>rt.Jvrd[ iv. Uiiu chaptar are rs jiJtr4ctfi4 %^ a e a^caantcy af tfe© 
sce-i^ntl order *:^  eocent-PiCity* t i r a e r e su l t a can !>«= iia@<f 
not only for <S4ra»iJi«r '-artti sateiJl4te ori»4fca but aiBi* fo r 
(H44pt4c ar!>4ta ;>f -ii^jU ©cjeerja-ricitar. 
oit»4tal data a re i ^ c u s k e ^ t I19&3)) 
11 
V = 0.A90, a » 8676 ka. 
W^ 9 m^k as 4ai**.3 
t l » . SAfSttr- £J as «• JAK « =: •OS^SOO? 
'•> as 1 X . 0 4 U f i » .C^I^OS? a ^ ^ 
1^ a e Qosiv* 1^  s c c<^ 4 m a .1844(144 
® ^ » g|^ t^««} a 481*^.5 
Hi. 
and 
Now 
\^^^ ss Cl^J. _ . as • - a ss 1^2^.T O O t ss 1 ^ 
Q O 0 U 
have <alJI Una calCMlatiis^^i* htiVt* bf-*-'<i ^sork"*! o« s^OiSi^tcr 
i s s <>l«9KJ3i& km. 
«i ss •i«9BSBa6a r&i. 
U ss «-o«00O1697 rt^« 
61} ss a « 4 9 ^ ^ 3 
«i^ a 4.54P4759 r< '^ 
C^ are giv( n fcgr 
C, 85 «-»a) _ a 0.1968B75 ka 
C. » <-t4)^ S2 t^ ** 0 . 8 7 2 2 1 ^ ra^« 
li.. 
H » liJ^lte - imK _ * i « 0.44854M 
K^ts \^ * '^^ ^ i«lk.^ - i3^^/ i » u.JISyJii «--^. 
TtatJ geocviiU^is £j'Cfeiit'^i*»r ^u,'»r;ilij,.t«£; .:€ thi; sat45llAt« 
POP iH^atAfig syjM^m -^ re «jfctol«ta rrtr..: t*rat.it.i,^fi 44. ••t) 
s S3 -^35*4IS556 fca. 
X » 1 cm f*coa4»-i4l « 4325«1^46£>0 km. 
t^ a gi^ocentrAC iutitita© of tine ii*>(4t'ivt'''r 
as m^*4^tH 
ii ;a ra44wi-- vt ct >r o»*' the- ijlj-s'-fv-r 
S5 6 5 7 8 . ^<l ks i 
c^^rOiiut**® iMi 6.3IS& F<^ b* i 9 ^ » t h i s t rai ts t l iat on 6Uk 
of .>i>. A<JyO, #51<i3 ur UJP Oi-y ti..^ - eilnpfe-f-d Um% 4& i n 
tercas of tsiiii- f^dijrfte*, a*. 1^2©! Civ-tl fcA^- i « 29(«St86) 
r a t i . 
given fegr '-cpattttfts i4«6.4'^ «» 
n* s -a^.iM»>1^7 km. 
a» ts -5«00.585409 &». 
u 
a t '^ iiB • X ~ 
iW^ji«tr 
mi*' — iia" 
y «ii««Mta«MwM«MW«OT«M> • a j B M v A m i l l 
v 
f '^) 
i? 
^ . 
1^  in st'Ctl'or. {4«5)* the jpotential of the narth a t 
an «itternul point 4B isivm figr 
V « ^ ti - I < ^ I i3s4«' i-Al* ^ * f^  "^^  
The d&^iturbti^ niiicti<;iti a to the 2IK1 pmiier of th<i fiutteniflg; 
4^ giv<efi tiar 
^i^»rc- * i s th«f !:^ <*3«in<l haumJtiAc' of ?'4artfe*» yNblatenr^is. 
^(M frwia apte'rieai t r i a n g l e .>Pls*lP4g* 3)» **<? hciiw? 
34» S s a&n i iiiiil^^i*^ 
tihere 4 a orMtul ineliikiUoo* ®ss .^ f^ ntili^ r diatiinet* iif 
i;^ :: 
ofelsU^nebs in II, %^  Navt^  Ittv' eantrJbuti«r of Ui^  f i r a t 
t>m*«'r ^* at>iuteiit*-tj in .: h.^ > alrea*^ tjifH>ii eiiictiliitea i e 
tin fiivtt p.rt) 
*' « ^ j ^ > fa ^ idOS^in^i-iaCNiii^i^a^lK 
I | i )®-a04?»i«'*i«-^e»tfr ilcop 2N4 f )^ci» 2v • 
• 2Oi70in^i--6^iii i l s i i i 2«l * )^si» 2f>».35 sin"** 
X cm im i ^ )'^ ccKi 4^ - 3SM4n'*i .^n 4« i S 1^ 
X sin 4vi I4«9«a) 
!«o«»» ive sliall i.iy to colculiite tl* Vi*lttC'a of i £ ) \ 
tiik*'* ti^ rsa (uiptu th*- 5nl j>a-.pr uf c . s iii tl**-- Tir-^t i>itrt» 
• | 3 ©^ s*ifi 3 l l i 
1 ^ 
K sin M • 5 e'^sift 2ia» 4^*^ s in ^ J 
AmkiBrl^jf 
1^ v j 
N0l» 
4 £ |3 „ sL 
Tlief* 
cos^C s i U-ii^ eo8 M • Q€m 2M • ^ COJI 3M j . 
and 
etfci'"'! a 4 4c€w ^^i • 3 c<*f» *a). 
1:-. 
i^itiatitilting tlV' valUi'fl of coo ..» e<m*'t-. «t*.% i n *'*|U;iUy«i 
C ^ )^ « A*5e"*i 5e* ^ e^) c«>» mm^*' cm m * 
Also 
M 
i?. 
s I I • ^ e^; Bin mi U^^Hln 3mi | « - 'Jg e^) 
X a4ii M <¥ r e'-sAii ^ .» * | | ^ e^ sin 514. 
i J )^co9 4v ss - "jk e'cc^ ^ ^ ©"-cos 2M»'<- 2 ® • 
< • }^Bkn 4¥ ss • ^ €f^ 9A» ia». I r s in ^l«.U j © • 
• ^ ra i s in ! ^ f | ^ U e ' ) s l n 4&! • 
U a 3 5 V 1 ^ ^«*%~ iJKl5»4e^A«ta^4ii 4*24)il*5c" • 
• ^ ' J f© ^ i79iM*$f^i$in'l} I ^ «^ «»a 2» • 
l :> u 
• i J fw ^ sitt^A I - ^ r^co©tfil#4«M • 
1 ' ^ 
Ik: J 
2 55 * » a® 
K I "^3^ e-'<s«« fa • •^* «^e<» Ml • 
- | j > fa ^ i7a4n^4 - 684nr 4) | ^ e^ easif>-2«»i 
o 
e QQ3 U ss % cmt X • It Bkn "K 
m Jo^ i^A^Z^ 3st % COB \ * ii Min \ 
c cos i5M»4«») 9 I cos 5)w • li Bin 51w 
e'^eos 2M as t r - t r^ i«»s 39k ••> 2 lii -Un ^ 
€'c<;^i6M»4«d a I t^«fe^ica3 61^  • 2lil Bin ^ 
c^e«fei S^ as 4CI cos Ik • h s i n \}^ •• 
• 34 I •fer^  J11 €#s n**'!! if^a \l 
e^emim>»tm) ss t l cos l k^ Hin X)( r'-if^) • 
• 2foU I s in K • ft C4J» V} 
it^cmim%»^ s I ¥ « ^ } | I cos Iw* ii s i a X) 
e'V*»<^*a«l w < r-*fc >i I cos JX • ft a in ^ ) 
«^ao^ 3M»a«| 8 ( ^ • ^ ^ ' ) eoi« 5X • 15ii r ^ - ^ ) s i n 5X 
l;^ 
w ^ t l ^ * * ^ * 103*»4n^Jkl2<feAfi *»24i U • 
• $« I COS 1M>H a m V) J • t X ^^ «» ^ I7«i i i^4 • 
MA a® 
« 6s4fiU) L ^ 11 C08 1k^ «^ 4i> K)^co@ m -I* 
• 1 11 co» 2llk*to s*4n 5K) i • 3 iJf« ^ - ^ a4n'*l « 
» I - r i I co^ Jhrh B4n Jks^c^a 4^ # 
• ^ |< r - l i " ) e9e 4K*>aiil s4n 43^|J • | !«•» K 
K ^ «4n^4l I CI • i r )e«^ av-fel s4n m • 
1>^, 
- U ( i r * l i Jeat* i% • f * | l r ' -h- ' laod fi^ • 
x I ^ C f • IT)« I COS 1b*li rfin X) • 
* %^ 
• ft s in l^ ) i i - I 4 *^ *» % " 479io*4*-6sAn 4> 11 
» I § M r-'b'^)! I o<^  1M« »4fi \ } • 
• 2l i l t I d i n k 0. H con 1k.| i • - § If r^^fer'l M 
K I 1 cos V»l»»4fi )^ i - ^ U l^^ft^') K 
1.... 
In aiMer io caiculi^tp thr pen'mM'to^tiurm uf the; o r M t a l 
uf tfee -iAiiturfetng l^inetio«i wJiiJft rea|K>ct to e?iCh <ar?f«iifc and 
sutmtltiitc' At An ^qfmtiiJtm 44*3*A)* 
For intC'gf^itJL <!.)»» n^ stisf. i to Him tik' ii£m£ki ]»^  tliody 
thofc 4a fArat t^ ^ mtmll pot ttis^ tmjpe^rttttt^ d <?|««miui m M I > ^ 
I # ii • A^ mi4 X • 11 I t ^ t ^ l for d*im^l<^4 and k An the rAgfit 
hand atae ^ % | » r t t * S * S * d t *^*^  d | f ®**^  ^*'*''* '*^ * aliolA 
Ani^ftgitif^ %lMcs« The r«r':^At As sh<iwR An tlie ecpntAcm ([4«i0«ll 
«*ie>r** ea»i5feafifc erf" Afitcgratian arc ncNt. im-ntlcav. d* 1^ ' m-Uiodl 
c^ <iet.t'fminAi^ tite Go» i t ^^ tiT Ant^'ginaUon As t^u4A€>a An 
BtctA«^ i4*AA)* 
6 
I J ^ IT3iii'*4-4a4s«'^4} ^ a* * ^^^ ^ ^^ ^*** ^^ • 
• eoH 2lw# J< I cm 5M-II aAii 5^))» ^ ) ^ - - »An**A M 
a^ 
• H * ^ 1105s4R^A-12C»sAfr 4i.24> t( l"^»r)co8 m i -
LS. 
* em 4^2ii% ain 0^1} • ^ ^ ^ 84ft*At | < r^-fef")* 
» co» a9w-li s i n 2K^ilC r*il")c<»a 4K • |P l« l-^-tof^loos $lk, 
• i i sa I T H ^ >*l?«4ff^l#-4><»>s 4&M4'5i I a in lk?-li eos X > i 
- I 4 1^ >^l76i»r A-.3)CO#AC ^ £ **An x ^ c$3# K) • 
«> I s i n 2K <*> ^ i I i^ 4n 3*^ -4^ coa 3^) J • 
• ^ a* f ) 34ti"A co^ ^ ^ 1^ ^ '**" ^ ^ * * cos ^ ) • 
• 4 ©4ii 43w# « | Q I I tjAn 5^fe Cttsi 5K) j • 
Jt 3411 21k j - I iH f - )'*<t8ln"^4-31 cos 4C | < r-f iT I n t • 
• I m | - )'*«Afir 4 c ^ 4 | I i 1 ^ ^ i84« aHw • 
l o 
-,; 
•4 « • u *** f" '^*«®« 4<T»4n^4-6iiln A) t I coa Tw -
«• I C(^ 3lw) • #" ( I cos S^h iiltn 5K)#eo» 43^  ^ 
• i s ^^ a " i '^itwArt^A-^An 4)c»s 4 |» : ^ t l t t • 
• ^ i i i 4s4n 4iw • 1 ^ I r'«ii^>cos 4W( r*if ' )<s©8 aii-1 
* a ^ a " ^*®Atr*4 c ^ i 4 4-3 H I s i n a9w#-< r - l f j c o s 3lw 
«• 111 r ^ t r } c 0 s ^ * M i l l , ^ i i t ^ »i7ifo-i^)c<»@ 6lk.i, 
.1 
** * 55^S""§ ' a* l'^ii05»An^4-4:^»Aii-|^24)Ua«fti»5 sAfi K 
• JHI s i l l ;|!c ] • ^ « ^ )'*4784ii^4^-6sAif'4| M 
• | 2 I I s i n 43Ni^ li cc» 43W) ! • | g J< J ^ )S4ii '*4 « 
l.J u 
• l ^ sin % • i7 i t s4n 6%i»ii am 6^) J • 
• K V » * a* )^4 l^»4n'^i-l30»4n'^i*34) t ^ T 3 r ^ -
. 8 1 6 c o s ^ r ' . i l n 3^>i - | j * f^ )^«7Mn^4-6 slW 4) 
»l l9r-4i^)34n 1^  - f * fe e<j® Iw- ^49 l r - i . l5 r '>a4n 5^ 
- I * lii cos 31W • * ^ l C »'*-iif^)ai4n Jlb^abl co^ ^ I J 
• I ^ a^ )*»4n*4l ^ i4t»^*79r*)e4« 51^  • 
• |A S I c&s 5k dOii -^ - ^ I3347l.'*-1077lil^)s4» 5>»^  
• | j sH ^ )'*C794n"'4(-4)e<»9**4|-lii*-5l iPain X • 
- Ill ©®« 1w) J • I Jl f^ )*<784n 4p.3)eo»^4 « 
K 1 1 I r*84n M H I e<k. / ; • ^ I sin 29k • 
1.^  
« I ^ ( i^-Bln ^a^m cos S^} - ^ I WAH 4K -
• I I til ^ )*8Afl^4Cto ®1» ^ • l COB 2IW*CCI8 3k • 
• I COS ^ ) j • ^ ^ J - g ^ f- )*«105aii»^4-l20t*An !#. 
• 24) I j C77lr*68rico8 X - ^ lit s in K «-
I.KJ 
• I j l f^ }^s4fiUJ. | | i r-irico» V -
• ^ 111 s in 5V • ^I3^^ih^*m7V^}cm ^ 
- fer cos 1^ 1 } 4- I X f - )^(f*s4ii'-1^3i«<te*'^4 X 
K I * ^ H f r s i n %¥tx^em X ) * | b ^ t t Wk -
• | i m 34P sx-if'coig:».) J • ^ i^ ^ )^ K 
• 4 l i i*An 4X^ ^ C III »4ii SK^Ir^coa 5X) j * 
"^o » B % l l '^  a" )^ < l«^s4n'*4-4'^^4n^4»24> x 
n iMmt^ ^ < I t*Ari V * ctM X I J -
• i i * a" )^l7s4«^4-6»4ii^4) { | ^ I s in X • 
16.i 
• I m 1^ )^0iii^4i- 1 ^ I nin 3 ^ ^ cos yk} • 
4. I Aiii 49i • ^ p 4 l»4ii 5fc«-fe c«-3 %) I • 
- ^ | i r^-i i* ')3*i» ab->aiii -JOS' 6ik|J -
• I < t #411 V«« aci» Xi« I i l # I I r^«^ i k4n aik • 
' I L 
• I CI »Aii 5ii*-ii cos 51b)* • § { ( r - i r ' ) s i n 4)^  -
• 4 J S— s in^ i cas -0^ • 
• ^ a< * - >^i7oin' i»3)c€«? i s in ai^ • 
• i '^ I " I'^aift'A cm i cos 43^  
l^i 
* l l *** t ^ >^ 84ft^4l^3if» ]9w • | ^ 4 a ^ ) . 
* H f - )^<Ta4if^4«^4o'^^4|siiii 33^  • 
• ^ m f^  }%U^$ mm ^  • | j i»C f^  I* » 
a . . i ^ ^^M^#S^4^|^^ g^|^l7^4i#A«^- M 
m mn'-i. .>4a 3^ » | 31 ^ >'^<»r4 »Air'4 ©An 4k« 
the eli-m-tmi ^f IIIB ^wblt of '-m arfcAsTAcial l.iirtli 
14 
l a 1^ ^ '^ ^ ^5 
fi « i ^ • t i l • «4 
9 9 9 9 
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